
PHILOSOPHICAL 

TRANSACTIONS 


OP THE 

ROYAL SOCIETY 


LONDON. 


FOR THE YEAR MDCCCLXIV. 


VOL. 154 . 


LONDON: 

I’KINTSD BY TAYLOR AND FRANCIS, BED DION COURT, FLEET STREET. 


MDCCCLXV. 




CONTENTS 

OF VOL. 15L 


I. Catalogue of 'Eebulm and Clusters of Stars. By Sir John Frederick William 

Herschel, Bart., F.B.S. page 1 

II. On the Spectra of some of the Chemical Elements. By William Huggins, Esg., 

F.E.A.S. Communicated hy Br. W. A. Miller, Treas. B.S. 139 

III. Account of Magnetic Observations made in the years 1858-61 inclusive, in British 

Columbia, Washington Territory, and Vancouver Island. By Captain R. W. Haig, 
B.A. Communicated by General Sabine, F.B.S. 161 

IV. On the Influence of Temperature on the Electric Conducting-Power of Alloys. By 

Augustus Matthiessen, F.B.S., Lecturer on Chemistry in St. Mary's Hospital, 
and Carl Vogt, Ph.l). 167 

V. On the Absorptimi and Badiatmi of Heat hy Gaseous and lAguid Matter . — Fourth 

Memoii', By John Tyndall, F.B.S., Member of the Academies and Societies of 
Holland, Geneva, Gottingen, Zurich, Halle, Marburg, Breslau, Upsala, la Sodete 
Philomathique of Paris, Cam. Phil. Soc. Ac. ; Professor of Natural Philosophy in 
the Boyal Institution 201 

VI. A Comparison of the most notable Disturbances of the Magnetic Declination in 1858 

and 1859 at New and at NertschinsJc ; preceded by a brief Betrospective View of 
the Progress of the Investigation into the Laws and Causes of the Magnetic 
Disturbances. By Major-General Edward Sabine, B.A., President of the Boyal 
Society . . 227 

VII. Theoretical Considerations mi the Conditions under which the {Drift) Deposits 

containing the Bemains of Extinct Mammalia and Flint Implements were 
accumulated, and on their Geological Age. By Joseph Prestwick, Esg., F.B.S., 
F.G.S. 247 



[ iv ] 

VIII. Experiments to determine the effect of Impact, Vibratory Action, and long- 

cmtinued Changes of Load on Wr ought-iron Girders. ByW. Faiebairk, LL.B., 
F.R.S. page 311 

IX. The Bakeeia5 Lecture. — Contributions to Molecular Physics. — Being the Fifth 

Memoir of Researches on Radiant Heat. By JoHjf Tyndall, F.R.S., Member of 
the Academies and Societies of Holland, of Geneva, Gottingen, Zurich, Halle, 
Marburg, Breslau, Upsala, la Societe Philomathique, Paris, Cam. Phil. Soc. Ac. ; 
Prof essor of Hatural Philosophy in the Royal Institution 327 

X. On Plane Water-IA^ies in two Dimensions. By William John Macquorn Bankine, 

C.E., LL.D., F.R.SS. L. & E., Associate of the Institution of Naval Archi- 
tects, Ac. 369 

XL On the Joint-Systems of Ireland and Cornwall, and their Mechanical Origin. By 
the Rev. Samuel Haughton, M.D., Fellow of Trinity College, Dublin . . 393 

XII. On the Spectra of some of the Fixed Stars. By William Huggins, F.R.A.S., 

and W. A, Miller, M.D., LL.D., Treas. A V.P.R.S., Professor of Chemistry, 
King's College. London 413 

XIII. On the Sgjectra of some of the Nebula. By William Huggins, F.R.A.S. A 
Supplement to the Paper “ On the Spectra of some of the Fixed Stars. By 
Wiluam Huggins, F.R.A.S., and W. A. Miller, 3I.D., LL.D., Treas. and 
V.P.R.S." Communicated by Professor W. N Miller, M.D., LL.D. . . 437 

XIV. On the Arrangement of the Muscular Fibres in the Ventricles of the Vertebrate 

Heart, with Physiological Remarks. By James Bell Pettigrew, M.D. Edin. ; 
Assistant in the Museum of the Royal College of Surgeons of England ; Extra- 
ordinary Member and late President of the Royal Medical Society of Edinburgh, 
Ac. Ac. Communicated by John Goodsir, Esq., F.R.SS. L. and E., Professerr of 
Anatomy in the University of Edinhirgh 445 

XV. On the Brain of a Bushwoman ; and on the Brains of two Idiots of European Descent. 

By J OKS lAAR^TLkhh, F.R.S., Surgeon to University College Hospital . . . 501 

XVI. A Second Memoir on Skew Surfaces, otherwise Scrolls. By A. Cayley, F.R.S. 559 

XVII. Algebraical Researches, containing a disquisition on Newton’s Rule for the Dis- 

covery of Imaginary Roots, and an allied Rule applicable to a particular class of 
Equations, together with a complete invariantive determination of the character of 
the Roots of the General Equation of the fifth Degree, Ac. By J. J. Sylvester, 
M.A., F.R.S. , Correspondent of the Institute of France, Foreign Member of the 
Royal Society of Naples, etc. etc.. Professor of Mathematics at the Royal Military 
Academy, Woolwich 579 



[ V ] 


XVllI. On a New Series of Bodies in which Nitrogen is substituted for Hydrogen. By 
Petek Gkiess, Esq. Communicated hy A. W. Hofmanx .... page 667 

XIX. On the Differentinl Equations which determine the fomu of the Boots of Algebraic 
Equatimis. By Geoege Boole, F.R.8.. Professor of Mathematics in Queens Col- 
lege, Corh ^ 733 


Index 757 

Appendix. 

Presents [1 




LIST OF ILLUSTRATIONS. 


Plates L, 11. — Mr. W. Huggixs on the Spectra of some of the Chemical Elements. 

Plate III. — Captain Haig on the Magnetic Elements in British Columbia, Washington 
Territory, and Vancouver Island. 

Plates IV., V. — Mr. Prestw^ich on the Geology of the Deposits containing Flint Imple- 
ments, and on the Loess. 

Plates VI., VII. — Dr. Fairbaiex on the Effect of Impact, Vibratory Action, and long- 
continued Changes of Load on Wrought-Iron Girders. 

Plates VIII., IX. — Dr. W. J. Macquorn Rankine on Plane Water-Lines. 

Plates X., XI. — Mr. W. Huggins and Dr. W. A. Miller on the Spectra of some of the 
Fixed Stars. 

Plates XII. to XVI, — Dr. Pettigrew on the Arrangement of the Muscular Fibres in the 
Ventricles of th(‘ Vertebrate Heart. 

Plates XVII. to XXIII. — Professor Marshall on the Brain of a Bushwoman ; and on 
the Brains of two Idiots of European Descent. 

Plates XXIV.. XXV. — Professor Sylvester on the Real and Im^nary Roots of Equa- 
tions. 




PHILOSOPHICAL 

TRANSACTIONS 

OF THE 

ROYAL SOCIETY' 

OF 

LONDON. 

FOR THE YEAR MDCCCEXIV. 

VOL. 154.— PART I. 


LONDON: 

rK!NTlCl> By TAYI.OK AKP FRANCIS. RED LIO-N forRI. FI.EO .'ICKE) 


JIPfCCLXiy. 




A D V E E T I S E M E N T. 


The Committee appointed by the Royal Society to direct the publication of the 
Philosophieal Traiisacfion.'^. take this oppf)rtuiiity to acquaint the Public, that it fully 
appears, as well from the Council-books and Journals of the Society, as from repeat(‘d 
d(‘clarations which have bc'cn made in sev(‘ral former Transactions, that the printing of 
them was always, from tiiiie tf) time, the sin^h* act of the respective Secretaries till the 
Forty-seventh Volume: tin* Society, as a Body, never intcTestiiiH themselves any furtlnu 
in their publication, than by occasicmally recommending the re^'ival of them to some of 
their St'cretaries. when, from the particular circumstances of theii* affairs, the "Tra/tsarfio/is 
had happem'd for any length of tiiru' to b(‘ intermitted. And this seems princi]Hdly to 
ha\e been done with u ^iew to satisfy the Public, that their usual meetings were tlum 
continued, for the im])ro^■ement of know'ledg(‘. and benefit of mankind, the gnnit ('iids 
of their first institution by tlu' Poyai Charters, and w'hich they ha^e evfT since steadily 
pursued. 

But the Society being of late years greatly enlai'ged, and their communications more 
numerous, it was thought adnsable tliat a Committee of their members should be 
appointed, to reconsider the papers read before them, and select out of them such as 
they should judge most proper for piihlieation in the future Transactions \ which w^is 
accordingly done upon the 20th of March 1752. And the grounds of their choice are. and 
will continue to be. the importance and singularity of the subjects, or the advantageous 
manner of treating them ; without pretending to answer for the certainty of tlic facts, 
or propriety’ of the reasonings, contained in the several pa])ers so published, wiiich must 
still rest on the credit or judgement of their respective authors. 

It is likewise necessary on this occasion to remark, that it is An established rule of 
the Society, to which they will always adhere, never to give their opinion, as a Body, 
upon any subject, either of Nature or Art, that comes before them. And therefore the 
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thanks, which are frequently proposed from the Chair, to be given to the authors of 
such papers as are read at their accustomed meetings, or to the persons througli whose 
hands they received them, are to be considered in no other light than as a matter of 
cmlity, in return for the respect shown to the Society by those communications. The 
like also is to be said with regard to the several ])rojects, inventions, and curiosities of 
various kinds, which are often exliibited to the Society : tiie authors wliereof, or those 
who exhibit tliem, frequently take the liberty to report and even to certity in the public 
new^spapers, that they have met with the highest applaux' and approbation. And 
therefore it is hoped that no regard will hereafter be paid to such reports and public 
notices; which in some irstances have been too lightly credired. to the dishonour of the 
Society. 

The Meteorological Journal hitlierto kept by tlie Assistant Secretary at the Apart- 
ments of the Eoyal Society, by order of the Prc.sident and Council, and published in 
the Philosophical Transactions, has -been di-scon tinned. The Government, on the rcTom- 
mendation of the President and Couneil. has estabiiMUHi at the Ihjval Observatory at 
Greenwich, under the superintendence' f)f the Astrononn'r Iloyal, a ^lagiH‘ti(*a} and 
Meteorological Observatory, where observations are made on an extended scale, which 
are regularly published. These, wliich corre^poml with tlie grand sthenie of obst'rvatioiis 
now carrying out in different parts of the globe, .supc-rsech* the necessity of a c.on tin nance 
of the observations made at the Apartments of tlie Royal Society, which could not be 
rendered so perfect as w^as desirable, on account of the imperfections oi“ the locality and 
the multiplied duties of the observer. 
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I. Catalogue of ^ehulce and Clusters of Stars. 

By Sir John Feedeeick William Heeschel, Bart.., F.B.S. 

Eeceived October 16, — Head November 19, 1863. 

Jhtroduetion. 

The study of the Nebulse has, within the last quarter of a century, attracted much more 
of the attention of observers than heretofore — as well on account of the singularity of 
the phenomena presented by many of these objects, as in consequence of the increased 
optical power of the telescopes which the skill and industry of modem inventors and artists 
have placed within their reach. The brighter nebulae cannot be viewed to any advantage, 
and the fainter cannot be seen at ail, except by the aid of telescopes of large aperture ; 
and, thanks to the exertions of Lord Hosse, Mr. Lassell, Messrs. Nasmyth and De la 
Rue in England, and Messrs. Steinheil, Foucault, and Poeeo in Germany and France, 
as regards reflecting telescopes, and to those of Feaunhofee, Meez, Cauchoix, Claeee, 
Cook, Seceetan, Ross, and Dallmeyee as regards refractors ; instruments of abundantly 
sufficient optical capacity not only to repeat and verify the earlier obsenutions, but to 
disclose new and more interesting features in many cases, have now come into the hands 
of many observ ers, both professional astronomers and amateurs, and may be had by any 
one who is willing to incur a cost which may be considered moderate when it is remembered 
that instruments of similar dimensions mid goodness could not be obtained fifty years 
ago at any price. In consequence we find a continually increasing attention directed to 
this department of astronomy. Not to insist on the observations of the Earl of Rosse 
and Mr. Lassell with their transcendent reflectors, we find a systematic examination and 
review of them undertaken by M. D’Aeeest in the year 1855, by the aid of a refractor 
of 6-feet focal length and inches aperture in the Leipzig Observatory, whose results, 
consisting in the carefully determined places, by repeated observations, of about 230 
nebulae, were published in 1856, in a work entitled “Resultate aus Beobachtungen der 
Nebelflecken und Stemhaufen” (Erste Reihe, Leipzig). This review has since been 
carried on by the same excellent astronomer, with the great refractor by ^Ieez of 
11 inches in aperture and 16-feet focus, erected in the year 1861 at the Royal Observa- 
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tory of Copenhagen. Again, irom the Observatory of the CoUegio Romano, pider the 
direction of Signor Segchi, have emanated many valuable observations, and from that at 
Harvard College, Cambridge, U.S,, under the late and present Professors Boio), ^me of 
the most striking pictorial representations of particular nebulse which we j^ssess. 
Neither ought a short but very valuable memoir by the late E. Mason, printed in the 
7th volume of the Memoirs of the American Academy of Arts and Sciences, to be passed 
in silence ; contammg as it does a very elaborate and minute examination, and some 
excellent delineations of several highly interesting nebulae, particularly those in the 
great nebulous region of Cygnus. To M. Auwebs also we owe many accurate and 
valuable observations, besides a Catalogue comprising the whole series of Sir William 
Heeschel’s nebulae arranged in order of right ascension and reduced to a common epoch, 
of which more hereafter. Should the efforts which are now making to procure for the 
University of Melbourne in Australia a reflector of the first magnitude prove, as is to be 
hoped, successful, it is understood that one of the principal uses to which it will be 
devoted will be the examination and exact delineation of the numerous and wonderful 
objects of this class which the southern hemisphere presents. 

These circumstances, but more especially the last-mentioned, render it extremely 
desirable to have presented in one work, without the necessity of turning over many 
volumes, a general catalogue of all the nebulae and clusters of stars actually known, both 
northern and southern, arranged m order of right ascension and reduced to a common 
and sufiiciently advanced epoch which may serve as a general index to them, and enable 
an observer at once to turn his instrument on any one of them, as well as to put it in 
his power immediately to ascertain whether any object of this nature which he may 
encounter in his observations is new, or should be set down as one previously observ^ed. 
For want of such a general catalogue, in fact, a great many nebulsD have been, fi-om 
time to time, in the ‘Astronomische Nachrichten’ and elsewhere, introduced to the world 
as new discoveries, which have since been identified with nebulse already described and 
well known. Many a supposed comet, too, would have been recognized at once as a 
nebula, had such a general catalogue been at hand, and much valuable time been thus 
saved to their observers in looking out for them again. 

Besides these there are other considerations which have weighed with me in under- 
taking the task of compiling such a general catalogue. Having, in the course of my 
own observations, received the greatest possible assistance from the possession of a Manu- 
script Catalogue of all the nebulae and clusters discovered by my Father, brought to the 
common epoch 1800*0, and arranged in zones of 1° in breadth in polar distance, by his 
sister the late Miss Caeolina L. Hekschel, it seemed to me nothing less than a debt of 
gratitude, not merely to acknowledge that assistance, but to avail myself still further of 
it to complete the list of his nebulae by supplying from that catalogue the places of all 
those nebulae among them which had escaped my own observation (a very numerous 
list), and by inserting from it all those places of nebulae observed by myseK which were 
deficient in either element (of RA. or P.D.), or in which I had reason to apprehend 
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greater than those which probably affected her results. This I have accordingly 
done. Bnt to do it effectually, and at the same time to effect a thoroughly correct 
identifeation of the objects in my catalogues with those of the older series, involved, 
as a naeessary preliminary step, the reduction to 1830*0 of the whole of her catalogue, 
an operation in which I received the assistance of my sons ; the computations being 
executed for each nebula in duplicate and checked by myself, and which, taken 
leisurely, zone by zone, as time and circumstance permitted, proved less onerous and 
wearisome than might have been expected. The Catalogue thus reduced to the same 
epoch as my own, afforded the means of detecting and rectifying a great many errors of 
nomenclature in the latter. And it was in the coui'se of this part of the inquiry, in 
which many cases of considerable intricacy and difficulty occurred (as vrill be evident on 
a perusal of the notes appended to this Catalogue), and in which it became necessary to 
recur both to the original sweeps and to a series of registered extracts from them (the 
nature of which will be more distinctly stated hereafter), that I learned fully to appre- 
tiate the skill, diligence, and accuracy which that indefatigable lady brought to bear on 
a task which only the most boundless devotion could have induced her to undertake or 
enabled her to accomplish. 

Arrived at this stage — that is to say, the mean results of all the observations in my 
owm Catalogues taken, and all the deficient or imperfectly obsen^ed nebulae in my 
Father s list supplied, as above stated, and the whole arranged, not in zones, but in 
general order of right ascension, — it then became necessary, in order to produce a work 
available for future observation, to bring the whole up to a still more advanced epoch. 
The work required for this purpose, calling no longer for any discussion, or collation of 
the original obser\'ations or registers, but being one of simple arithmetical computation 
from a definite formula — the Royal Society, at my application, very liberally undertook 
to supply, from the funds at their annual disposal, the amount necessary to procure its 
execution by an experienced computer (Mr. Kekschnee, one of the occasional computists 
for the Royal Observatory of Greenwich). This w*ork the Astronomer Royal most 
obligingly offered to superintend, affording at the same time his adrice as to the general 
principle on which the computation should be conducted. The plan suggested by him 
and adopted in effect was this. Each object in the Catalogue was first roughly brought 
up to the year 1880 by the application of approximate precessions in R.A. and P.D. 
The places so obtained were then employed to compute the exact precessions in both by 
the usual formulae, with coefficients for the year 1880*0, viz. 

Precession in R.A.— 3®*072-{-l“*337 , sinR.A. cotan P.D. 

Precession in P.D.=: — 20"*06cosR.A. 

And the precessions, so calculated, were then used to bring up the places from 1830 to 
1860, the epoch of the Catalogue; so that, the places being given for 1860 and the pre- 
cessions for twenty years in advance, the application of those precessions to those places 
shall give dependable places for any year up to the year 1930, at which time the small 
error in excess or defect of the true precession consequent on using the fifty years’ 

b2 
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antecedent place of the object will be exactly compensated by the further change of 
place in the same direction in the mhsequent fifty. Two cases of excessive proximity to 
the poles, northern and southern, viz. those of the nebul® Kos. 2043 and 1652 of the 
present Catalogue, are excepted, the precessions changing so rapidly, and with so much 
deviation fi-om uniformity, that a rigorous computation, at least in RA., will always be 
necessary. In the case of No. 2043, the effect of precession in the thirty years from 
1830 to 1860 has been to change the RA. from 2*‘ 32“ to 10** 8“. 

This computation was completed, and a fair copy of the resulting places, arranged de 
novo in their order of E.A. for 1860, forwarded to me on the 6th of February last (1863). 
The nomenclature of the objects having in the interim been settled satisfactorily by 
myself, and a description of each nebula, from a careful comparison of all the descriptions 
given, prepared, it remained only to fill in the columns left blank for these and the other 
necessary particulars, and to complete the Catalogue by the insertion in their proper 
places of the places and descriptions of all such other nebulae, non-observed by either my 
Father or myself, similarly reduced, of which I could gather any accounts. These will be 
found enumerated further on in the “ Explanation and arrangement of the Catalogue.** 

On the 23rd of February last, while engaged in this work, I received, by the kindness 
of the Astronomer Eoyal, a copy of the important work of M. Auwers before alluded 
to, entitled “ William Herschel’s Yerzeichnissen von Nebelflecken und Sternhaufen, 
bearbeitet von Arthur Auwers. Konigsberg, 1862,” of whose existence this was my first 
notice. It contains a complete and most elaborate reduction to 1830, from the observed 
differences in E.A. and P.D. with known stars, recorded in the Philosophical Transac- 
tions, of all the nebulse and clusters in my Father’s three Catalogues ; together with a 
separate catalogue of all those collected by Messier from his own observations, or those of 
MECHAm and others (101 in number), similarly reduced ; another of Lacaille’s southern 
nebulae, and one of 50 “ new nebulae,” comprising nearly all those observed by other astro- 
nomers (Lord Eosse excepted) in this hemisphere — all brought up to the same epoch. 

It may be readily supposed that I lost no time in comparing my own previous work 
with this of M. Auwers ; the places of which having been obtained by the aid of far 
better and more dependable catalogues of stars, to give the true positions of the zero- 
points or determining stars in the differential observations, as well as of more exact pre- 
cessions, and doubtless, a much more systematic process of treatment, would be entitled, 
observation for observation^ to be considered as representing the original sweeps more 
faithfully than could be expected from my own preparatory catalogue. On the other 
hand, however, the Zone Catalogue from which that was derived possessed the advantage 
of having been deduced, not from a single difference of E.A. and P.D. between each 
nebula and a single determining star, but from all the observations of each nebula ,* 
often in many different sweeps, and in the same sweep often from more than one star ; 
thus eliminating, no doubt, a great deal of casual error. In that catalogue, too, as in 
my own catalogues of 1833 and that of the southern nebulae, the individual results of 
each observation, or, to speak more exactly, of each differential comparison, is separately 
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recorded, so that any suspidonsly large deviation from the mean of all may be at once 
noticed and traced to its origin in the sweeping books. My reduction was of course 
based on the means of all these (rejecting such as were obviously and grossly faulty), 
and might therefore, pro tmto^ be regarded as of superior authority. This consideration, 
joined to that before adduced, decided me to retain those places in the present Catalogue 
which had been derived from this source, except in a few instances (specified in the 
notes) when it proved, by careful examination of the causes of discordance, that actual 
mistakes had been committed. And I must not omit to add that the comparison so 
instituted with M. Auwees’s results has led me to the detection of several grave errors 
in my own work which would certainly have otherwise escaped notice (and in some 
cases have caused the loss of fixture obserxntions by missetting the telescope), and whose 
rectification has added materially to its value. On the other hand, as no human work 
is perfect, I have been led to notice some errors in M. Atjwers’s work itself, which are 
set down in a list of errata and corrigenda at the end of this Catalogue ; and besides, a 
good many cases in w hich, owing to mistakes in the printed catalogue in the volumes of 
the Philosophical Transactions (many of which stood corrected in MS. in the margin of 
the copy of those Transactions in my possession, and many more have been silently 
detected and rectified by Miss C. H. in her subsequent computations), his calculations 
have been founded on erroneous data, and have therefore led him to assign erroneous 
places to the objects so affected. Thus on every account the result has been what may 
be considered a complete expurgation of both our catalogues. 

It remains for me to say a few words on the way in which the reduction to 1860 and 
the calculation of the precessions have been performed by Mr. Kebschxee, the com- 
putist employed by the Astronomer Royal for that purpose. The whole work has been 
executed on printed forms, which being preserved may at any time be referred to. 
Since error in computation, however practised the computer, and however checked, is 
always possible, and occasional error of copying, especially when the order of the entries 
has to be rearranged, is absolutely unavoidable, I considered it incumbent on me to 
recalculate, seriatim from my original MS. Catalogue for 1830, and taking for granted 
the precessions set down in the fair copy, for 1 880, the places both in R. A. and P.D. of 
ever)' object included in the Catalogue ; keeping an eye meanwhile to the precessions 
themselves, and their signs, to seize the least indication of error in that quarter. It 
would have been too laborious to recompute these. As for the precessions in P.D., 
their regular progression of itself ensures their correctness, as far at least as the integer 
seconds and the first decimal place. A pretty considerable number of errors (most of 
them of little moment) was thus detected and corrected — ^not more, however, than might 
reasonably be expected in the work of the most expert computist in so extensive a work, 
consisting of between nine and ten thousand computed entries (taking both elements), 
and traceable moreover in many instances to obvious misreading, and in some to actual 
misentry on my part, of figures in the original MS., which but for this further examina- 
tion would also have escaped notice altogether. 

The correction of these and the other errors already spoken of necessitated, in a great 
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many instannes, a change in the order of E.A., and a consequent erasure and interlinea- 
tion in the MS. The introduction, too, of the other nebulae (those of M. Auwees’s cata- 
logue of “ novae,” those communicated to me for insertion by M. D’Aeeest, and those 
noticed by Lord Eosse in ius memoir of 1861, amounting altogether to 43S objects) 
necessitated many more interlineations, often occurring very inconveniently, two or three 
together, in a way to disfigure the MS. considerably. Unfortunately, too, in the MS. 
itself the column headed “ No. in the Catalogue,” which I had intended to have been 
left blank till all the rest of the work was completed, had been filled in by the trans- 
criber with a series of numbers in regular progression, from 1 to 4629, the actual num- 
ber of lines of vrhich it then consisted. This made it necessary to renumber the whole 
ah initio in red ink, striking out the former numbers, and thus producing a still more 
unsightly appearance. Under these circumstances, I debated whether or not to recopy 
the whole. But, to say nothing of the sacrifice of time (since I could have entrusted it 
to no other hand), I believe it impossible to copy so voluminous a mass of figures and 
abbreviated writing without numerous errors. And being satisfied, from the repeated 
and careful rension it has undergone, of its present correctness, and equally so that vrith 
ordinary care on the part of the compositor (should the Council of the Eoyal Society 
decide on printing it) no mistake can arise from any of the alterations and interlineations 
it contains, I have decided in favour of presenting it as it stands, with the exception of 
two sheets which it was absolutely necessary to recopy owing to the extreme closeness 
of the interlineations, the smallness of the writing, and the transpositions needed. 
These have each been twice carefully read with the original. 

In presenting to the Eoyal Society this Catalogue, it will be accompanied by the 
following series of records and documents which it may become desirable hereafter to 
refer to in elucidation of any point which may arise respecting the history or reduction 
of such of the objects as occur in my Father’s classes and numbers printed in the Philo- 
sophical Transactions, viz. — 

1st. A series of “ register sheets^'" in w'hich are entered up all the observations of each 
nebula or cluster copied verbatim from the sweeps, the nebulge, &:c. being arranged in 
the order of their dates of discovery. These are the “ register sheets ” referred to in 
the notes on this Catalogue, and cited by their general {L e, current) number^ as H, 1 ; 
H, 2 ; . . . H, 2508. 

2nd. A similar set of register sheets of aU the observations of each of Messiee’s 
nebulae, arranged according to Messiee’s numbers. 

3rd. A general index of the 2508 nebulae in classes and numbers, to find the “ general 
number ” of each to facilitate reference to the register sheets. (This index was drawn 
up by myself.) 

4th. An index list of the same nebulse, &c. arranged according to the “general 
number,” to find the class and number of each. 

5th. A more complete ditto ditto, containing also the rough approximate E.A. and P.D. 
of each object for 1800, and the determining stars as in the Philosophical Transactions. 

6th, A catalogue in zones of P.D. of all the said nebulae and clusters arranged in each ’ 
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zone in onier of R.A., and reduced to the year 1800 by Miss C. L. Heeschel, exhibiting 
the reduced result of each separate obs^ation of each nebula; together mth the deter- 
mining star or stars in each case, and the differences of RA. and P.D. j&rom such star, with 
refermices to the current number of the sweep in which the observation is contained. 

7th. The original sweeps with the 20-feet reflector at Slough in which the liebulse 
were observed, contained in three small quarto and four folio volumes of MS. 

All these manuscripts, with exception of the index No. 3, are in the original hand- 
writings of my Father and his Sister, in most cases easily distinguishable, in some others 
not so readily. The Zone Catalogue No. 6 is entirely the autograph of the latter. 

Explanation and arrangement of the Catalogue, 

The Catalogue is arranged in twelve columns, of which the first contains the general 
or current number in order from 1 up to 5063, the total number of objects comprised, 
including sis supplementary ones, whose insertion in their proper order in RA. would 
have involved altering all the numbering both of the catalogue and the annotations, &c., 
and would have proved a source of confusion and unavoidable error. Nevertheless, to 
prevent their being overlooked by any observer who may consult the catalogue for the 
purpose of a general review of the nebulae, or for the verification of a new one, their 
numbers are interpolated into the general series so as to catch the eye, and a reference 
made to the supplementary catalogue in each case in the column of descriptions. 

Column 2 contains the numbers of those nebulae of wfrich observations are given in 
my two former catalogues, and those of the two nubeculae; the numbers from 1 to 2307 
inclusive being from that in Philosophical Transactions 1833, and from 2308 to 4021 from 
my Cape observations. Where a number in this column is enclosed in hooks thus [ ], it 
is taken from the Catalogue of Objects in the Nubecula minor in pp. 153 to 155 of that 
work. AVhere in parentheses thus ( ), from those in the Nubecula major, pp. 156 to 163. 

Column 3 contains the classes and numbers of nebulse as given by my Father in his 
three Catalogues in the Philosophical Transactions for 1786, 1789, and 1802. One only 
is omitted, \dz. V. 35. It is an immense diffused nebulosity, extending from 5^ 27“ to 
5^ 42“ in R, A., and from 98° 6' to 87° 43' in P.D. A special list of these great diffusions 
of nebula is given by M. x^uwees in p. 42 of the Tvork above cited. 

Column 4 contains references to other authorities, and gives either the name of the 
first discoverer of the nebula, or a reference to the particular list or catalogue of nebulge 
which has been taken as the authority for the place set down. The principal of these are 
— 1st. The list of “new nebulae” (Verzeichniss neuer Nebelflecke), in pp. 73 to 76 of the 
work of M. Auwers already cited. These ai*e referred to in the following form ; — ^Auw. 
N. 1, Auw. N. 2, &c. 2ndly, Under the form D’Arr. 1, 2, &c., are given a series of objects 
contained in a MS. list of 125 nebulee, kindly communicated to me by their discoverer, 
M. D ’Arrest, Director of the Royal Observatory of Copenhagen, and reduced by him to 
the epoch (1 860*0) of this Catalogue, with their precessions for 1880. Srdly. A great 
number of nebulse cited under the form “ R novae,” whose places have been approxi- 
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mately obtained from the diagrams accompanied by micrometaical measures of portion 
and distance, or from more loose and general indications contained in Lord Eosse's 
paper in the Philosophical Transactions for 1861, the comparisons being in all cases 
made with those nebulae in my Catalogue of 1833 whose numbers stand annexed to 
them in column 2, with an italic letter appended, thus : — 

322, a E. nova ; 319, a E. 3 novae. 

In cases of which latter kind it is intended to express merely that nebulae to the num- 
ber indicated, not otherwise identifiable, will be found on due search in the immediate 
neighbourhood of the place approximately set down. Lastly. The names of Professor 
G. P. Bond, Mr. S. Coolidge, and Mr. J. T. Saffoed in this column of the supple- 
mentary list of nebulae refer to the places of nebulae and clusters in a list of objects of 
that description discovered at the Observatory of Harvard College, obligingly commu- 
nicated to me by Professor Bokd, Director of that establishment, too late for their intro- 
duction into the body of the Catalogue. 

Besides these references, in which the places set down have been adopted from the 
catalogues above mentioned, column 4 also contains synonyms or identifications of 
objects observed by myself with those contained in Messiee’s lists communicated to the 
French Academy, or to the Connoissance des Temps for 1783 and 1784. These are 
cited by the number they bear in Messiee’s own list, thus, M. 1, M. 2, &c. They have, 
with very few exceptions, been observed and described by myself or my Father, and their 
places here set down are given as results from our obseiTations. In the few excepted 
cases they are taken from M. Auwees’s catalogue already spoken of. The nebulae also 
whose identity has been (sometimes satisfactorily, but for the most part very doubtfully) 
made out with objects in Mr. Dunlop’s Catalogue of Southern Nebulae, are indicated by 
the letter A, thus, A. 169, &c. In a few cases, chiefly those of nebulous stars, planetary 
nebulae, or very star-like objects, which have been set down as stars in catalogues of 
authority ; these are also referred to by name and number in column 4. 

Many of Mr. Dunlop’s nebulae are contained in Lacaille’s catalogue, as also some of 
Messiee’s, but of that catalogue two objects only, not so identifiable, viz. Nos. 38 and 
40 of M. Auwees’s catalogue of Lacaille’s nebulse, have been considered as definitely 
enough described (nebuleuses sans etoiles) by that astronomer to be inlcuded in the 
present Catalogue. 

Column 5 contains the Right Ascension in time for 1860’0 of each object in the 
Catalogue. When this is given to decimals of seconds, it is to be understood as having 
been brought up from the mean of the observations given in my former Catalogues, or 
from the mean of those (where not observed by myself) in Miss C. Heeschel’s Zone 
Catalogue above mentioned *. When the E.A. is given only to the nearest minute or 
degree, it will of course be understood that the place is too loosely determined to render 

♦ In some cas^ a careful subsequent revision of tiie catalogued observations seriatim bas necessitated altering 
these E..A.’8 by a few decimals of a second (seldom more) after the process of redmtion to 1860. In all such cases 
the alteration has been applied as a correction to Mr. Kebschsek’s figures, so as not to disturb the amounte of pre- 
cession allowed — a procedure perfectly legitimate and productive of no error. The same remark applies to col. 8. 
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further precision of statement other than illusory. This is the case with the greater 
part of those set down as “ R. novge.” 

Column 6 contains the precession, in seconds and decimals, in R,A. for 1880*0. 

Column 7 contains the number of observations in R. A. which have been actually used 
in concluding the R.A. for 1830, from which that for 1860 has been computed. An all 
cases (unless where the contrary is especially indicated in a note, or otherwise as by the 
letters B. A.C. or A.S.C., An., &c. inserted in place of a number in the column itself— which 
indicate that the R.A. is that of a star in one of those catalogues, or rests upon that 
other authority), the observ^ations used for all objects included in my former catalogues 
are brought up from the data there registered, to the exclusion of all others ; and in 
such cases (the vast majority) no parenthesis or other distinctive mark is applied. When, 
however, no satisfactor)' R.A. is there recorded, or when the R.A. is there expressly 
stated to have been set down fi.*om the “ working list,” the R.A. adopted is that brought 
up from the Zone Catalogue of C.H., and in such cases the number of observations 
used is enclosed in parentheses ( ). Dots attached (:) indicate some uncertainty in the 
R. A. ; (::) a very considerable doubt, extending, perhaps, to a whole minute ; 1 and 11 
express still wider limits of uncertainty. In those nebulae of my Father’s catalogues 
which have no number corresponding in column 2 (indicating the absence of any obser- 
vations of my own), the places set down both in RA. and Declination are those brought 
up from the Zone Catalogue of Miss C. H., and the numbers of observations on which 
they rely are set down in the appropriate column without any parenthesis or distinctive 
marks, the absence of any number in column 2 being a sufficient indication. In the 
case of M. D'Aeeest’s nebulas, the numbers in column 6 enclosed thus [ ] indicate the 
number of his observations of the nebula employed by himself to give the place. 

Columns 8, 9, and 10 contain, in like manner, the North Polar Distance for 1860, the 
precessions for 1880, and the numbers of observations used for P.D. in the case of each 
object; and the same remarks apply to these as to columns 5, 6, and 7. 

In column II is given a short description of the nebula or cluster in abbreviated 
words, made out from an assemblage and comparison of all the descriptions of each 
object given in my Father’s and my own observations. As regards the former, recourse 
was had, not to the printed accomit in the Philosophical Transactions (which gives only 
a single description), but to a series of manuscript sheets in the nature of a Register 
(and as such cited in the notes which follow this Catalogue), into which have been trans- 
cribed, verbatim, from the original sweeps, all the descriptive parts of each and every 
observation of each cluster or nebula in the order of their dates, and the data for com- 
puting their places, derived from the sweeps by applying the index and clock con’ec- 
tions pertaining to each. In this Register the nebulm are entered, each with its class 
and number, and each on a separate sheet ; the wffiole series being arranged, however, 
not in the order of their classes and numbers, but in the order of the dates of their 
discovery, from No. 1, corresponding to October 28, 1783, to No. 2508, corresponding to 
September 30, 1802. Of these, the first 2500 only are included in the catalogues com- 

MDCCCLXIV. c 



10 


SIE J. F. W. HiaiSCHEL’S CATALOaUE 


municated to the Royal Society ; the other 8 are printed in the form of an Appendix to 
Cape Catalogue, in p. 128 of the “ Results of Observations,” &c. A similar and sepamte 
Register in sheets has been kept for my Father's ob^rvations of Missieb’s nebnl®, and 
these have in like manner been collated with my own observations of the same objects 
in framing the ultimate, or, as it may be termed, the average description of each. 

In making out these descriptions, it was found to a certain degree practicable, in the 
particulars of brightness, size, and extension, to make a kind of arithmetical approxima- 
tion to a mean conclusion, by arranging the degrees of brightness, &c. in a progressive 
upward scale from 1 to 10, and taking a mean of these numbers in each case, as indi- 
cating the designating words to be finally adopted. Thus, taking the extreme degree of 
faintness when a nebula was declared to be “ excessively faint,” or “ barely visible,” or 
“ hardly more than suspected ” for 1, and “ extremely ” or “ excessively bright ” for 10, 
the intermediate degrees, such as very faints faint, considerably faint, pretty faint, 
pretty briyht, cmisiderahly bright. Bright, very bright, were denoted by the intermediate 
numbers 2, 3, 4, 5, 6, 7, 8, 9 ; and similarly for the scale of sizes, exchanging the words 
Small and Large for Faint and Bright. In the case of extension, the scale 1 to 10 was 
supposed arranged in the order, Round, very little extended, elliptic or ovaL condderahly 
extended, pretty much extended, much extended, very much extended, extremely extended, 
or a long ray. It is obvious that the qualifying words, such as “ pretty” and “ consider- 
ably,” admit of a good deal of latitude of interjnetation, and that, in reference to bright- 
ness or faintness, greatness or smallness, their meaning is rather relative than absolute ; 
and especially, that as between bright ox faint, and “considerably bright” or “consider- 
ably faint,” for instance, there is so little real distinction of an absolute kind, that it is 
impossible to say which is to be accepted as indicating the superior degree. In the case 
of extension there is the same indistinctness as to precedence between the quaiifring 
phrases “ considerably” and “ pretty much.” Nicety, however, in this respect would be 
misplaced, when it is considered that when several descriptions of the same nebula, 
observed at different times, come to be compared, they can hardly ever be reconciled 
except by allowing to each qualification a latitude of meaning extending over several 
degrees of our arbitrary’ scale. In many instances, indeed, the discordance, or rather 
contradiction is so great, as to authorize a strong suspicion of variability in the object 
itself. In a few cases where, from the low altitude of the object in England, coupled with 
con'esponding discordances of description, it was evident that it must have been seen to 
much greater advantage from the Cape station (as, for example, in that of h. 3375 =H. 
III. 754), additional weight has been attributed to the Cape observations. 

In the descriptions, I have found it absolutely necessary to abstain from any specifi- 
cation of the estimated sizes of nebulae or clusters in angular measure. In comparing 
estimations of this kind I find the discordance so great, and (to speak only of my own 
practice) so little evidence of adherence to any definite standard of estimation, that 
nothing but confusion would have arisen from introducing such estimates. Never- 
theless, as in the use of such a catalogue as the present some guide is necessary for the 
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observer, to advertise him of what sort of object he may expect to see, the following 
scale may be taken as conveying a general idea of the magnitudes intended by the con- 
ventional words used. Thus, a rotmd nebula of 3" or 4" in diameter would be called 
esArmmly snmlli 

one of 10" or 12", very small; ^ 

20" or 30", small^ or considerably small ; 

50" or 60", pretty small, or pretty large; 

3^ or 4', considerahly large, or large ; 

8' or 10', very large; 

20' and upwards, extremely large. 

In estimating clusters of stars (that is to say, of well separated and scattered stars) a wider 
acceptation must be understood, so that, for instance, a cluster of only V in extent would 
be considered extremely or very small ; one of 15' or 20' large, and one of 30' or 40' very 
large. This amplification of scale, however, must not be held applicable to those 
resolved or resolvable clusters of a “ globular ” character marked in the descriptions 
as 0, which must be understood as belonging to “ nebulae ” and not to “ clusters,’" so 
far as the conventional terms used in the descriptions are concerned. I should observe 
also, that w^hen in making out the average appropriate phrase in size I have found any 
extravagant discordance between the estimate in words and that in figures, as, for 
instance, where a nebula has been described in words as very large, and the diameter 
then set down as 2', a compromise has usually been made, and the word modified, as, for 
instance, to large or considerably large. 

The abbrenations employed in the column of descriptions and elsew'here, in the notes, 
&c., are as follows : — 


ab. 

about. 

aim. 

almost. 

am. 

among. 

app. 

appended. 

att. 

attached. 

Auw. 

Auwers. 

A.S,C. 

Astronomical Society’s Catalogue. 

b. 

brighter. 

bet. 

between. 

biN. 

binuclear. 

bn. 

brightest towards the north side. 

bs. 

brightest towards the south side. 

bp. 

brightest towai-ds the preceding side. 

bf. 

brightest towards the following side. 

B. 

Bright. 

Br. 

Brisbane (Sir T.'s) Catalogue of Stars. 

Bo. 

Bode. 

B.A.C. 

British Association Catalogue. 

e. 

considerably. 

CO. 

coarse, coarsely. 


ch. ehevelure. 

com. cometic. 

cont. in contact. 

C. Compressed. 

Cl. cluster. 

C.G.H, “ Eesults of observations, &c. at the Cape of 
Good Hope.*’ 

C. H. Miss Carolina Herschel. When it occurs iu 

column 4 it indicates that the object wag 
discovered by her. 

d. diameter, 

dist. distance. 

distant, 
dif. diffused, 

diffic. difficult. 

D. double. 

D’Arr. D'Arrest. 

A. Dunlop, 

def. deffiaed. 

e. extremely. 
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ee. excessiTely. 

er. easily resolvable, 

exc. exeentric. 

E. extended. 

f. following, 

E. faint. 

g. gradually, 

gr. group. 

H. Sir William Hersehel. 

h. Sir John Hersehel. 

h. o.n. list of omitted nebulae in C.G.H. 

i. irregular, 

inv. involved. 

involving. 

iF. irregular figure. 

I. little (adv.). 
long (adj.). 

L. Large. 

Lae. Lacaille. 

Lai. Lalande. 

Lass. Laesell. 

m. much. 

mm. mixed magnitudes. 

mn. milky nebulosity, 

mon. monograph, 

M. Middle, or in the mid(fle. 

M. (in col 3) Messier. 

Mess. Messier. 

n. north, 

neb. nebula. 

np. north preceding, 

nf. north following, 

nr. near. 

nucleus, or to a nucleus. 

O . omitted. 

ON. omitted nebula, 

p. preceding. 

p, pretty (before F, B, L, S, Ac.), 

pg. pretty gradually, 

pm. pretty much, 

ps. pretty suddenly. 

P. poor. 

Pi. Piazzi. 

P.T. Philosophical Transactions, 

quad. quadrilateral, 

quar. quartile. 

T. resolvable, barely (mottled as if with stam). 


rr. partially resolved — some stars visible, 

rrr. well resolved — clearly seen to consist of stars. 

R. round. 

RR. exactly round. 

R.nova. New nebula discovered by Lord 'EUme. 

R. MS. Manuscript notes furnished by His Lordship. 

Ri. Rich. 

R. The Earl of Rosse. 

8. suddenly. 

s. south, 

sp. south preceding, 

sf. south following, 

sc. scattered, 

st. stars, 

sev. several 

susp. suspected, 

sh. shaped, 

stell. stellar. 

S. small. 

sm. smaller, 

sw. sweep, 

S. Struve. 

tri-N. tri-nuclear. 

trap. trapezium. 

V. very. 

w. an intensive of v, 

var. variable. 

W. H. Sir W. Hersehel. 

Besides these ahhrenations of words, the following 
arbitrary signs arc used. 

^ a star; *10 a star of the 10th magnitude. 

** a double star ; a triple star. 

! a remarkable object ; ! I very much so ; ! ! ! a magni- 
ficent or otherwise exceedingly interesting object, 

? doubtful ; ?? very doubtful, either as to accuracy of 
place or reality of existence, according to the column in 
which it occurs. 

: , : : , see explanations already given. 

a triangle. Forms a triangle with. 

0 a globular cluster of stam. 

O a planetary nebula. 

(o) an annular nebula. 


st. 9 Stars from the ninth (or other) magnitude 

downwards. 

st. 9 13 Stars from the ninth down to the 13th 


magnitude. 


As examples of the interpretation and expansion of these abbreviations some examples 
are subjoined. 
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Ex, 1. pB; vL; yg, vsmbMNlS"; pmE162°-3; “pretty Bright; very Large; at first 
very gradually, then very suddenly much brighter in the middle to a nucleus 15" in dia- 
meter ; pretty much extended — the position of the longer dimension micrometrically 
measured 162°'3 [i, e. reckoned from the north round to 162°* 3 in the direction nfsp).” 

The angles of position in all cases are to be understood as so reckoned. When deci- 
mals of degrees are annexed (or if integer, written decimally thus 151'’-0), they have been 
micrometrically measured. If thus, E 0° or E 45°, E 90°, they mean only in or near the 
meridian, or parallel or oblique to the meridian from nf to sp, &c., as the case may be. 
If with a + annexed, the position is from a more or less careful estimation. 

Ex. 2. R; psbM ill def O; pB*10 125®'4, 70"; “Round, pretty suddenly brighter 
in the middle to an ill-defined planetary disc ; has a pretty Bright star of the 10th 
magnitude, whose position measured from the centre of the nebula is 125°’4, and 
whose distance also from the centre is 70" by estimation.” 

The relative situations of neighbouring stars or nebulae are imariahly to be understood 
as thus reckoned, i. e. taking the centre of the nebula or other object described as a 
starting-point or origin of angle or distance. Thus S#s will mean that a small star is 
south of the nebula, *np nr that a star is near the nebula in a north preceding direction 
from it ; *,|f4*f, 3h, that a double star follows the centre of the nebula 4 seconds of time, 
and is 3' to the north of it. 

Ex. 3. Cl; pRi; pmC; L; st6, 10...15. “A cluster; pretty rich; pretty much 
compressed ; Large ; consisting of stars one of which is of the 6th, and the rest from the 
10th to the 15th magnitudes.” 

Attached or ncinaiy stars or small nebulas are always placed at the ends of the descrip- 
tions. Thus ©sf means that the nebula described “ has a globular cluster following 
and to the southward of it.” When, however, the description of a cluster ends abruptly 
thus, it is to be understood that “ the place taken is that of a conspicuous double 
star.” 

The 12th column of the Catalogue contains the number of times that each nebula has 
been observed by both my Father and myself, whether its place were taken or not, com- 
prising all the cases in which the object has been seen, and whether described or not. 
Since attention has been dravni to the real or supposed variability of nebulse, and since 
it can hardly be doubted that comets have occasionally been obseiv'ed as nebula, this 
enumeration is not without its importamce. In this column the abbreviation “ mon ” 
occasionally occurs. In such cases the nebulae have been so often and dihgently observed 
for the purpose of exact delineation or “ monographing,” that a special enumeration of 
the observations would be impossible or useless. 

Finally, at the end of the line allotted to each nebula occur occasionally one or both 
of the marks * and f. The former refers to the notes appended to the Catalogue, the 
latter to the list of figured nebulse in which the publications wherein are contained 
figures of the nebulee are referred to by plate and figure — ^those at least which seem 
entitled, in the present state of astronomical instrument-making and pictorial representa- 
tion, to be pointed out to the observer as conveying any idea of their appearance. 
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Notes on tJw Catalogue, 

m. 

12 h. 5. D’Arrest says, “ h. II. positio certe erronea,” but gives no indication of the 
correction required in R.A. or P.D. 

29 h. 13; II. 241=11. 243. In P.T. the determining * is omitted, and in the state- 
ment of the places of these nebulae, as well as of II. 239, 240, 242, and III. 199, 
there is much confusion, for the correction of which see the list of errata sub- 
joined. Auwers has threaded the intricacies of this maze with singular felicity, 
but has been misled in the case of II. 243 into assigning to it a totally erro- 
neous place (22^‘ 48*" E.A., 73° 37' P.D. 1830), and, in consequence, has not per- 
ceived its identity with II. 241. 

78 II. 3, Auwers makes the P.D. of this neb. (1830)= 99° 32', from P.T., which 
places it 2'"+ n of 17 Ceti. C.H. makes it 1° 51' of the same star, or for 1830, 
99° 42'. In fact H. has two observations of it, neither of them more than eye- 
drafts ^\ith neighbouring stars, and the P.D. is concluded graphically by C.H. 
fr'om these diagrams. 

88 III. 876. The P.D. of Auwers (81° 16') is 1° wrong. The place given in P.T. is 
1° 43' n of 51 Piscium ; so also in Register (H. 2296). 

119 Auw. N. 4=D‘Arr. 6. The place given is that brought up from D' Arrest’s obser- 
vations, the RA. being set down only roughly in Auw. 

132 h. 57= V. 20. Once looked for by Lord Rosse and not seen. Having been 
observed both by H. and h., there can be no doubt of its existence. 

138 h. 61 =h. 2345= V. 1. In h.’s sweep 733 the position reading is set down as 
32 4° -5. This is in contradiction with a diagram made at the time, and is an 
obvious mistake for 234°* 5, which =180°-j-54°*5, agreeing well with the dia- 
gram and with 2 obs. of W.H., in both of which it is described as “??/to 
There is also an erratum in the C.G.H. Catal., for 143°*8 read 144°*5, since 
324*5~180=144*5. 

145 h. 64=11. 621=11. 703. Auwers remarks that A Ceti, the determining star of 
W.H., does not exist; but C.H. has perceived this, and by using another deter- 
mining star (13 Ceti, sw. 756, W.H.), has fixed the place of the nebula II. 703 
for 1800 at R.A. 0^^ 37“ 47% P.D. 93° 53' (=93° 43', 1830), thereby identifying 
it with II. 621. Auwers, using a conjectural star, sets down the P.D. erro- 
neously as 92° 52' (1830). 

165 h. 2356. This is the main body of the nubecula minor. 

169 h. 2359. A complex object with several nuclei. There is an erratum in the R.A. 
set down in C.G.H. as resulting from sw. 488, /or 46“ 12®*1 read 47“ 12***1. 

177 79, o, h. In Lord Rosse’s diagram, a=h. 79, /3=h. 78, y=nova, accidentally 
omitted in the body of the Catalogue, but inserted as No. 5058 at the end. 
The whole Catalogue having been finally numbered before the omission was 
detected, it could not be inserted in its place. ^ is a star; s=h. 79, a. 
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^ 0 . 


178 

179 ■ 
196 ^ 
202 
203 

205 

206 
207“ 
208 
209 
210 , 


h. 4007, 4008, 4012. In the Catalogue of C.G.H. these nebulae are placed 
erroneously in the 23*^ of R.A., owing to a mistake of a whole hour in 
reducing. 

These constitute the group laid down by Lord Rosse as seen in and about the 
places of h. 84, 85, 86, \iz. his a, /3, y, y', \ s, 0. Of these, a is No. 202 =h. 84 ; 
/3=No.203=h.85; y=No.206=h.86 ; y'=No.205=86,«; S=No.209=86,5; 
g=No.208=D’AiTestNo.l0; ^=:No.207=D’Arr. 9, and ^=86, c. In the MS. 
notes furnished me by Lord R. it is stated that a=h. 84, (3=h.85, and ^=h. 86. 
The latter identification, however, is incorrect. 


214 h. 88=1. 54. This is not the 1. 54 of the P.T., which proved to be one of 
Messier’s nebulae, but another subsequently inserted by W.H., so as not to 
break the order of the numbers, as appears from a MS. correction in P.T., and 
fi-om Register (H. 570). 


275 

276 

277 
281) 
290) 


These constitute Lord Rosse’s group seen in or near the place of h. 103, and 
marked in his diagram as A, /3, s, and another unlettered (which call y). 
These I identify as follows: — ^A=No. 276 = h. 103; /3=No. 277 = 103, b; 
y=No. 275=103, a; ^=No. 280=103, c; and g=No. 290 = 103, d. 


297 In reference to M. Auwers’s remark on the nebulae 170, 171, as also 167, 168 
31 1 1 (H. class III.), after very careful examination of all the data, 1 can arrive at no 

317 other conclusion than that embodied in the present Catalogue under these Nos,: 
319 j h. 118 is certainly not 111. 171, neither is h. 120. Both places and descriptions 
325 j disagree. 

313) h. 119 was taken for III. 556, but no R.A. was obtained, that set down being the 
314f R.A. brought up horn G.H. The descriptions differ so materially, especially in 
the particular of extension, that they are most probably distinct nebulae. 

330 h. 124= YII. 48. Auwers remarks in his ‘ Verbesserungen zu A/ that this cluster, 
h. 124, is not nova, but YII. 48. This is correct. Re-examining sweep 216, I 
find an error of 1° committed in reducing the P.D. 

358 This is not in M. D’Arrest’s final list, communicated to me in MS. ; but being set 
down by M. Auwers as No. 15 in his ‘ Verzeichniss neuer Nebelflecke,’ I felt 
bound to retain it. 


418 h. 160=h. 2442=1. 62. This nebula, though set down by W.H. as of the 1st 
class (i e. as a bright nebula), could not be seen by D’Arrest with the Leipzig 
Fraunhofer of 6-feet focus and 4| inches aperture. It is marked in this Cata- 
logue, however, by a mean of 4 obser\'ations, only as F.” 

428 55 Andromedae. Although this star has been eight times examined by Lord Rosse 
without perceiving any nebulous atmosphere, yet as my observation is corrobo- 
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No. 


rative of Piazzi s designation of it as “ Nebnlosa,” it is retained for occasional 
future examination. 

442)h. 169, II. 221. The places agree almost exactly, but the descriptions are irre- 
444) concileable. One makes the nebula round, the other much extended. They 
are therefore almost certainly distinct nebulse, and there is therefore probably 
some error in the E,.A, of IL 221. The neighbourhood is rich in nebulae (see 
the next note, however). 


442 

444 

445 

446 

447 


In Lord Posses diagram of the group about h. 169, assuming a to be h. 169 
■ =No. 444, the others will be (3 = No, 445 = 169, a\ y=No. 446=169, 
^=Xo. 447=169, c; and fi=IL 221. 


462 h. 179=50 Cassiopeise. Eetained in the Catalogue for future occasional obser- 
vation. Nothing can be more difficult than to verify or disprove the nebulosity 
of a considerable star under ordinary atmospheric circumstances. 

472 h. 184=111. 583. Though Lord Posse on one occasion did not find this nebula, 
its existence cannot be doubted, having been found by h, nearly in the place 
assigned by C.H. 

487 h. 193=1. 152. M. D’ Arrest found this nebula too faint for observation with the 
Leipzig refractor, though placed by W.H. in Class I., and standing in this Cata- 
logue (from a mean of 3 observations) as a bright ” nebula. 

501 h. 204=111. 604. C.H. and Auwers make the P.A. 1“ less. Both H. and h. rely 
on single ob&en'’ations. Sweep 188 h. examined and reduction found correct. 

510 h, 206=111. 457. Not found by Lord Posse; once looked for. See notes on 
Nos. 472 and 132. 

516 h. 210=11. 246. Singularly enough, h. and H. are at issue about the two adja- 
cent stars, h. makes the stars south of the nebula; H., on the contrary, places 
the nebula south of the stars, and says expressly that both this nebula and 
III. 201, observed just preriously, were similaiiy situated with regard to their 
attendant stars. Now in h.’s obs. of III. 201 (No. 513) the attendant star- u 
stated to be sf the nebula, and in that of II. 246 the larger of the two stars is 
south and only a very few degrees preceding. I believe the error to he on the 
side of the older obsenutious, as I have a diagram of the small star nearer to 
II. 246, sf, which shows that I made no mistake of n and s. 

536 I, 153. Auw’ers makes the P.A. for 1830 !*• 28*“ 45^, whereas C.H. makes it 
2h igm ][ 3 s^ cause of the discordance lies in an erratum in P.T. (see hst 
of errata). In C.H.’s reductions the error is corrected, and I find the correc- 
tion verified on reference both to the Pegister (H. 1488) and the original sweep 
(sw . 596). The nehnlsi follows (not precedes) the determining star. 

549 h. 226 = 1. 154. Auwers makes the P.A, of this for 1830, 2^ 23“ 8^ C.H, 
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2^* 20*" 57®* 8, by the observations in different sweeps differing only 18® in E.A. 
The latter is the more correct ; so that M. Auwers’s remarks on this nebula 
are not confirmed. The cause of the disagreement lies in a misprint in P.T. 
(See List of Errata.) ^ 


557 

558 
559 . 
561 
563 


In Lord Rosse’s description of this group, a=]S'o.557=h.231 ; /3=]S'o.563=h.234; 
y=No. 558=231, a ; ^=No. 559=231, h. The other nebula, “ about 12' south 
following,” is probably No. 563=h. 234. No. 561=h. 233 seems to have escaped 
notice. 


571 h. 240=11. 238=111. 198. C.H. has overlooked or omitted an obs. of W.H. of 


III. 198 in sw. 574, which, referred to, confirms Mr. Marth's surmise that the 
nebulae are identical. 


573 II. 6. This was probably reaUy a comet, as indicated by its description, having 

been subsequently looked for and not found. 

574 h. 244=1. 102. M. D’ Arrest found this nebula, wLen observed with the Leipzig 

refractor of 4 J inches aperture, inferior to a 1st class nebula. In this Cata- 
logue, from a mean of 5 observ’ations, it ranks as “ considerably bright.” 

591 h. 258=1. 1. M. D’ Arrest found this nebula, when examined with the Leipzig 
refractor, not entitled to rank above the 2nd class. With this our present 
Catalogue agrees, it being set dowm from a mean of 8 observations as pretty 
faint.” 

614 This nebula of Bessel was also looked for and not found by D’ Arrest, who there- 
fore supposes it to have been a comet. 

636 h. 280=11. 502. II. 502 is described by II. as eS; F ; stellar. Either then the 
identity is doubtful, or some change must be suspected. The place, however, 
agrees well. 

639 h. 281 =IV. 43. Once looked for by Lord Rosse, but not found. (See notes on 
134, 472, 510.) 

646 h. 284=111. 578. The same remark. Twice looked for unsuccessfully by Lord 
Rosse. On one occasion clouds were passing. 

654] In Lord Rosse’s diagi-am of this pair and the neighbouring stars y and S, the figure 

655) is in contradiction with the measures. The position of ay, instead of 2^, should, 
I presume, have been stated thus, ya=178'', or, wLich comes to the same thing, 
ay=— This has been assumed in deducing the place of No. 655 =289, a 
from No. 654 =h. 289. 

656 h. 291=111. 591. H. makes this nebula to be the nf of tw^o, but both those of 
h. the sf. 

674 h. 293=11, 60S. H.’s description is pB; stellar; a pc# with eS, vF chevelure. 

The place, however, agrees well with that of h. 293, 

684 III, 195. Auwers makes the R.A. (1830)=3’* 11*" 50* and C.H* 3** 10“ 13®; but 

MDCCCLXIV. D 
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a misprint in P.T. (see List of Errata) accounts for the difference of the minute 
at least. * 

TOS^III. 969; I. 60. The catalogued places contradict the described position sf and 

709) np ; but this is owing to the error in K.A. of I. 60, which D’ Arrest makes less 
by 40®, which would place I. 60 at 3*" 19“ 35® (1860). 

710 An. N. 17. The discovery of this nebula is attributed by An. to Schonfeld in 
1858, but it seems to be identical with that described by Tuttle (Astronom. 
Notices, xix. p. 224). xinw^rs s place is prefen-ed, Tuttle’s being only approxi- 
mate. 

768 An. N. 18. The celebrated variable nebula of Tempel, discovered Oct. 19, 1859. 

774 II. 694. Anwers considers this as identical with II. 548, with 1° mistaken in P.D, 

778* h. 309=1. 155. Anwers makes the R.A. of I. 155 for 1830 = 3** 53“ 33®, destroy- 
ing the identity of these tw^o nebulae. But his place is deduced from an erro- 
neous entry in P.T. (see List of Errata). C.H., by 2 observations in sw^eeps 
608. 638 agreeing to 3® in B.A. and 2' in P.D., gives a place which, brought 
up to 1830, gives ll.A. 3^‘ 37“ 58®; P.D. 94° 29' 7'\ 

810. h. 311= IV. 69. M. Dhlrrest found the nebulous atmosphere around tlie central 
star of this nebula very conspicuous with the Leipzig 4^-inch refractor. 

826 li. 261S=IV. 2G. DArresfs R.A. is preferred, that of h. 2618 being clearly 
showm to be eiToneous. 

836 II. 464. The P.D. is given by iV.H. as the .same with that of 44 Eridani. 
C.H., using an erroneous place of this star, makes the P.D. 5' too small. 
This is here corrected, and the result agrees with Auwx'rs. 

839 Auw. N. 20. This is the remarkable variable nebula discovered by Mr. Hind on 
Oct. 11, 1852. M. D'Arrest testifies to its complete disappearance on the 3rd 
and 4th of Oct. 1861, Hujus nebulse .. .. ne miibram ([uidem detegere valeo.” 
— “ Coelo serenissimo regionem summa cura peiinstravi adjuvante Dr. Schjel- 
ierup. Achula reverd deest." (In 1855 and 1S5G it was found by M. D'Arrest 
within 2' of Mr. Hind’s original place.) On Dec. 29, 1861, it was seen by 
M. Otto Strme with the great Pulkowa refractor, but so excessively faint as to 
be barely within the power of that instrument. On March 22, 1862, with the 
same telescope, it was again seen, but considerably brighter, so as to bear a 
faint illumination of the wires. 

851 h. 314=111. 587. Not seen by Lord Rosse, once looked for, clouds passing. See 
notes on Nos. 639, 646, &c. 

880 h. 322. The bright star preceding is v Eridani. 

908 h. 333=11. 547. Not seen by Lord Rosse, once looked for. See notes 132, 
472, &c. 

926 h. 335. En-oneously identified in my Catalogue of 1833 with IIL 453 (No. 981). 
See the note on that nebula. 
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953 L Ml =I>’ Arrest 48. Observed by him as “nova/' but since recognized as 
unquestionably =h, 341. 

970 VIII. 43. Auwers makes the P.D. of this cluster for 1830 =66^ 25', w^dch is 
incorrect. The determining star is 109, n, Tauri, the cluster being T 29' north 
of the star. This would give 66*^ 39' for the P.D. for 1800, agreeing with 
C.H., and 36' for 1830. 

975 h. 343. A veiy large diffused nebulosity, distributed in zigzags. This has been 
looked for seven times by Lord Rosse and not found. Its existence is therefore 
very doubtful. 

, 979 h. 2709. The place graphically determined by measurement of a diagram, as 
compared with h. 2710. 

981 III. 453. This w^as erroneously identified with h. 335 in my Catalogue of 1833. 
By an unlucky coincidence, its place per working list, roughly brought up from 
C.H., agreed so well mth the latter nebula as taken in sw. 322 (h.), that it was 
unhesitatingly assumed to be the same. It appears, however, that in C.H. s 
reduction an error of 10‘" in R.A. has been committed, the star of comparison 
being 10 Orioiiis, and the nebula foUmnu^ the star by 5“ 7^ (as ascertained by 
reference both to the register sheet (H,1160j and the original sweep (sw. 462, H.j). 
M. Auwers. misled by my erroneous identification, has assumed that the nebula 
must have ’jjreceded the star, which would (nearly) account for the difference, 
and in consequence, his R.A. of this nebula is 10“ too small. C.H.’s error 
probably arose from misa])})lying in like manner the sign of the A. II.A. 

998 III. 268. Auwers s K.A. (4^ 57“ 23®, 1830) is adopted in preference to 5^ 0“ 28®, 
that brought up from C.H. to the same epoch. In the sweep 367 (H.) three 
stars of comparison are gi\en. 58 Eridani, a Leporis, and 19 Leporis. The 
A. R.A. of a and 1 9 comes out correct, but that of 58 from each is wrong by 
3“ 5®. so that the star must have been mistaken. C.H. has used 58 and a, and 
has rightly brought out the place of the nebula by the former (the wrong star), 
and wrongly by the right one ; and by an odd coincidence the two results agree 
w^ell, though both wrong. 

1030 h. 349= VII. 4. Described by D’ Arrest as “ Ein Ausserordeutlich reicher Hauf,” 
an extraordinarily rich cluster. 

1133 h. 356. Looked for four times by Lord Rosse, in two of which the sky was 
. fancied to have a milky appearance. 

1138 i h. 2841. Double nebula. In my Cape Catalogue, sweep 538, for “first” and 

1139/ “second” read “larger” and “smaller.” The smaller is sp. The position 
260® is right. It is veiy remarkable that in sweeps 508, 522, 658, and 761 the 
smaller of the two was not noticed. Is it variable I 

1167 III. 747. Auwers makes the P.D. 8' 20" greater. It is difficult to identify the 
determining star used by C.H. 

D 2 
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1165 1 h. 2866, 2867, 2868, 2869. 16®-2 added to all the R.A.’s of these nehulge in the 

1168 Cape Catalogue to compensate an error detected in sw. 538. The correction is 

1171 1 deduced from a comparison of the diagram fig. 20, PI. VI. C.G.H. with the 

1174] place of No. 1171. 

1179 h. 360, 3®-3 added to h.'s P.D. to bring it to the place in B.A.C. 

1180 V. 30. The place of V. 30 corrected by + 5®‘2 in K.A. and +25' 45"*4 in P.D, 

to bring it to the place of d 42 Oiionis in the B.A.C. 

1183 h. 361=V. 31. h.’s place corrected by +0*'4 in K.A. and —0' 27"*2 in P.D. to 
bring it to that of i 44 Orionis in B. A.C. 

1185 III. 1. 1 1 There are two observations by H. of III. 1, but they differ enormously. 
One agrees with M. 43. The place of M. 43 is coiTected to agree with its 
place in the Catalogue of Stars, &c. in the great nebula in Orion, C.G.H. p. 28. 

1191 Chacomac’s recently discovered nebula. Place from Moigno’s ‘+es Mondes,” 
No. 9, p. 241. 

1196 III. 269. Auwers gives as the R.A. of this nebula for 1830 6** 27® 57% which is 
mistaken by I*’. The Philosophical Transactions says that it precedes 19 Leporis 
by 32*" 23®, and that this is no misprint appears from C.H.’s reductions. 

1226 IV. 24. Annular according to Lord Kosse. 

1287 III. 270. Auwers places this nebula in K.A. 6'‘ 40*" 20*. or an hour too late. Its 
place is very distinctly settled by two determining stars, a Leporis and 19 Leporis, 
the former of which it followed by 15® 4®, and preceded the latter by 20® 0®. 

1425 h. 393=IV. 3. Lord Posse's account of this nebula is extremely remarkable. 
“This h. 393,” he says, “is an enormous nebulosity which I have traced f and 
n of it to a great distance — mme degrees. It narroy^s at times to a band across 
the finding eyepiece about 6' or 8V’ 

1440 h. 401= V. 27= VIII. 5. Retained as a cluster, though but a poor one. Nine 
times examined by Lord Kosse for nebulosity, but none seen. 

1452 III. 271. Auwers places this nebula in K.A. 3® 35®, P.D, 76'^ 21' (1830). There 
has been some mistake. III. 271 is stated to follow 8 (i^3) Canis, 8® 0®, and to 
be 4' n of that star, which gives a place agreeing with C.H. and with the present 
Catalogue. 

1454 h. 441 =M. 41. This nebula was also observed by Flamsteed. 

1455] In LordKosse’s diagram of this group, a is No. 1457=h. 410 ; /3= No. 1455 =410, a ; 

1456 y=No. 1456=410, h; $=No. 1458=h. 409; and g=No. 1460=410, c. But 

1457 y som.e suspicion seems to have arisen that the principal nebul® observed were 

1458 not really h. 409, 410, but h. 406, 407* In that case the identification will 

1460] stand as follows : — 

a=No. 1448=h. 406. 

j3=h. 406-5*-2 in K.A., and -P 25" in P.D. 

7=No. 1449=h. 407. 
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S=h. 406+l‘*6 in E.A., and -5' 6" in P.D. 
s =h. 4064-14®‘7 in E.A., and —5' 2” in P.D, 

1480 h. 423. This nebula is entered by C.H. as VIII. 1. B, with a remark “ not in print’* 

1508 h. 439— VI. 6. The RA. is nearly 2“ in excess of C.H. and of Augers. 
Examined sweep (h.) 393 in which it was observed. Found all clear and 
correctly reduced. 

1527'! 

iKoQ Compared with Lord Eosse’s two diagi*ams of the nebulae composing this group. 

■ None of them are ‘'novae.” a=h. 449; /3=h. 448; y=h. 447; g=:y; 

153ll 

1533 VIIL 44. Auwers’s P.D. is 84°, instead of 82°, owing to an erratum in P.T. (See 
list of Errata.) 

1578 h. 468=111. 479. No nebulosity seen by Lord Eosse in 5 observations. In H.’s 
single observation the nebula is “ suspected,” and in those of h. it is not posi- 
tively ascertained. The object seems therefore to be merely a small resolved 
cluster of vFst. 


1594, M. 47. Auwers assigns a RA. greater by 4"*. The cluster has not since been 
observed. It is probably a very loose and poor one. 

IGll h. 480= VI, 37. h.’s P.D. corrected by —10' as the presumed error of reading 
in the single observation obtained. Harding in 1827 (it appears) observed its 
P.D. =100° 10' (for 1830), and W.H.’s place for that epoch is 100° 12', that of 
h. being 100° 19' 4". 

1615|In Lord Rosse’s diagram, a=No. 1617=h. 483; /3=No. 1616=D’Arr. 51; 
1C16 [ y=No. 1615=483, a. D’Arrest’s place for ^ is preferred to that which results 
161 7 y from comparison with the diagram, h. 284 could not have been in the field, 
being almost a degree distant. 

1633 h. 493=11. 719. h.’s E.A. in P.T. diminished by 1™ for an error of 1*" detected 
in the reduction of the observation. This brings it nearer to Auwers, 

1652 h. 3176. Polarissinia Australis, This nebula is so near the south pole that its 
precession in E.A. varies from year to year with great rapidity, so that its R.A, 
cannot be computed correctly by the ordinary approximate method. 

1666 1 The four nebulae h. 508, 510; 510, a\ 510, 1 endently include among them that 
1667 ' third nebula referred to by Lord Eosse as the accompanying “nova ” “ forming 
1668J a triangle with h. 507, 508 — of the last degree of faintness.” h. 507, however, 
is 30° distant in P.D., so that in the observation of Feb. 9, 1850, the P.D. of 
h. 507 must doubtless have been read as 36^^ instead of 66°, giving rise to a 
mistaken identity with one of the two really new nebulae at that time in view. 
1696 III. 50. I find a memorandum to the effect that this nebula is lost, and was pro- 
bably a comet; but I cannot recover my authority for the statement. It is 
described by H. as “ of the l^t degree of faintness,” and it is therefore no way 



Sm J. 1*, W. HSaSCHEL’S CAIALOdUl 


No. 

surprising that it should not have been ^ain perceived without some time and 
trouble bestowed, and in clear weather. 

1107 h. 527=11. 48. M. Auwers, owing to an erratum in F.T. (see List of Errata), 
makes the E.A. of II. 48 two minutes too great, and is thus led to doubt its 
identity with h. 527. There still remains the rather considerable disagreement 
of 5' in P.D. D’ Arrest found neither of these nebulm ; but there can be no 
doubt of the existence of one at least, in or near the place here given. This is 
not the nebula seen by Lord Eosse “ nearly in contact with h. 526.” This latter 
(described already by h. as “ bi-nuclear ”) was seen by E. as distinctly double. 

1712 h. 531=M. 67. Discovered by Oriani. 

1720 h. 535=11. 823. W.H. describes this nebula as ‘‘Eound:” h. as “much ex- 
tended," while Lord Eosse saw it as bi-nuclear, or a double nebula joined by 
faint nebulosity. Is it sepai'ating into two. like Biela's comet ? 

1735]h. 542 and II. 557, The descriptions are irreconcileable, and they must be two 

1736/ distinct nebulae. The E.A. of h. 542 w^as not observed, and its P.D. is set down 
as “ hardly more than conjectural,’' having been looked for by working list as 
IT. 557 and set down as such. 

1742 h. 545=11, S34. ]\Iisprinted II. 844 by Auwers in the Catalogue, but tln^ num- 

ber is correct in his geiieinl list of the nebulae by numbers and classes, 

1743 h. 546. Not seen by Lord Eosse in one observation. Examined sweep 21 (h.) and 

found all right. 

1756 III, 291 =D’ Ait. 60. Tliese are assuredly one and the same nebula. Auwers’s 
declination of III. 291 (-{-27° 7') should be -|-26° 7'. 

1773 h. 565=111. 61. The P.D. according to H. is 70° 

1788 II. 708. Ouing to an erratum in the determining star in Phil. Trans, (see List of 
Errata), Auwers has given the place of this nebula for 1830 E.A. 9^ 12*“ 39®; 
P.D. 39° 17-, instead of If* 6“* 29®; 47° 20'. 

1791; 

1794 ih. 577 ; h. 8. Not seen by Lord Eosse in one observation. (See next note.) 

1792 D’ Arrest 62. This nebula must surely be variable, as it is inconceivable else that 
it should not have been seen by h., when h. 578, to which it is almost close, 
was observed and its place taken. D’Arrest says, “ Fugerat Herschelium nec- 
non me anno 1862.” Neither of the three (Nos. 1791, 1792, 1794) were seen 
by Lord Eosse. Sw^eep 59 (h.) and the reductions re-examined. Found all clearly 
written and all correct. 

1804 h. 581, 582 ; 581, b, c, 582, a, h, c, rf, g ; D’Arr. 63. Of this very complex 

1815 nebulae or “knots” (as they are called by Lord Eosse), six have 

been detemined from his diagram, and six more by the aid of notes subse- 

1818 <iuently furnished me from the records of the observatory at Birr Castle, con- 

1,821 taining diilerenees of E.A. and P.D. from one or other of the former. These 
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are indicated by the letters MS. attached in the column of descriptions. 
others I identify as follows : — 

a (in Lord R s diagram) is No. 1813=682, c. 

13 „ „ 1812=582, d. 

y „ „ 1811=h. 582. 

I „ „ 1806=h. 581. 

g „ „ 1815=582, e. 

^ „ „ 1821=582, 

One of those for which no data are given must have been D’Arr. 63, and the 
two remaining ones are included under the entries Nos. 1817, 1818 as 582, f. 

1832 h. 590. Not seen by Lord Eosse ; once looked for. Ee-examined the sweep and 
reductions. Found all correct. 

18G8 h. 3171. In the omitted observations of nebulae in the last page of the C.G.H. 
obse]n^ations. for h. 8170 read h. 3171; and this observation, combined with 
tlie two in the body of the work, gives the mean result for 1830 employed to 
deduce the place in the present Catalogue. 

1911 h. 3185=111. 289. In consc'quence of a misprint in P.T. (see List of EiTata), the 
P.l). of Auwers is 5' too small. Corrected by this, his place agrees well with 
my observation. 

1953 M. si n A nebula observed by W.H. as described, but differing most materially 
in place' from M. 81. It would C(.'rtainl}' be very extraordinary should iliree 
nebiikc so cxti'emely remarkable as M. 81 and 82 and this be found to lie so near 
together. 

1959rii. 3198. 3202 art' distinct nebulae, and were observed consecutively in one and 

1902/ the same s\vee]> — sw. 5G1 (b,). 

1960 'h. 3199 and 3>2(il are also distinct nebulae, and w'ere observed consecutively in 

19G1 ’ sweep 502 (h.). 

1974 III. 293. M. Auwers makes the place of this nebula 9^‘ 24“ 4"; 6C0 30' (1830). 
instead of 9*’ 48“ 48'’ ; CO^ 13'. The cause of the error is an erratum (see List) 
in P.T., where the determining star is set down as 23 Leonis instead of 23 Leonis 
Minoiis, another of the instances of confusion arising from the use of this silly 
and barbarous nomenclature. 

2014 b. 669=111. 65. Not seen by Lord Eosse in one observation. It was found by 
h. in its place ])er W'orking list. 

2019 h. 672. Not seen by Lord Eosse in one observation. Examined the sweep and 
reductions, and found all correct. 

2043 h, 250. This nebula is so very close to the North Pole, that its place cannot be 
calculated by a precession proportional to the time in the usual approximate 
mode, the E.A. changing from year to year with extreme rapidity. 
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In Lord Eosse’s diagram, estrrNo. 2058=h. 692=11. 44; /3=No. 2061=h. 693 
^ =11. 45; y=]^ro. 2055=692, h; ^=No. 2054=D’Arr. 61; g=No. 2057=692, c, 
not lettered in the diagram. 

11. 28, 29. Both D’ Arrest and Secchi agree in placing this double nebula more 
to the south than W.H. by 15'+, and D’ Arrest supposes the P.D. to have been 
misread to that extent. As so great a proper motion is most improbable, and 
the identity is indisputable, I have adopted this supposition and made the neces- 
sary correction. 

2094 h. 706. Not seen by Lord Eosse in 6 observations. Ee-examined the record of 
the original obs. Sweep 115 (h.), No. 68, and the reductions. The entries are 
all clear and perfectly legible. Eeduction in P.D. correct ; reduction in E.A. 
erroneous by —0*“ 26**6. This, however, could not have caused its non-obser- 
vation by E. This then was a comet, or is a lost nebula. The error of reduction 
is corrected in the present Catalogue. 

2111 III. 316. C.H.’s reduction of this nebula being affected v^ith a considerable error, 
Auwers's E.A. is adopted, after verification. 

2144 h. 3276. Place approximate, by equatoreal zone review. 

2189 h. 745 =y. 52. Not seen by Lord Eosse when once looked for (see note on 
No. 132, &c.}. 

2192 h. 3294. The minute in E.A. doubtful. 

2197 h. 3295. The great nebula about n Argus. According to a letter from Mr. Eyre 
B. Powell of Madras, a most extraordinary change has taken place in this nebula 
since my figure of it was delineated. He states tliat the southern end of the 
curious oval vacuity close to the great star, which was decidedly closed when I 
depicted it, is now deddedly open. Should this be established, it will be the 
most extraordinary fact that has yet appeared in the history of a nebula. 

2201 h. 754=11. 99. M. D’ Arrest found this nebula in the Leipzig refractor, bright 
enough to be ranked in the first class. And it is marked as “very bright " in 
this Catalogue by a mean of 5 observations. It must have been ill seen in the 
earlier observation when classed as 11. 

22311 IV. 6=11. 131 and h. 777=111. 88. I adopt, on due consideration, the opinion 

2234) of Auwers, that III. 88 and II. 131 arc not the same. Their having been 
successively observed in the same sweep is decisive. Also, that IV. 6 is not 
III. 88, but in reality identical with II. 131. The descriptions are made out 
in conformity with this. 

2233)1. 118 and h. 779. The degree of P.D. is probably mistaken in 1. 118. Marth, 

2236j according to Auw., suggests that the determining star 46 XJrsse (which though 


2054 

2055 

2057 

2058 
2061 
2088] 
2089] 
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not so called in B.A.C., is doubtless No. 3741 of that catalogue) was mistaken, 
and should have been called 46 Leonis minoris. Consulting the original sweep 
(sw. 487, H.), I find this surmise not corroborated ; for the nebula, when reduced 
by the star next preceding it (37 Leonis minoris), gives the same Polar distance, 
and, within a few' seconds, the same K.A. But there is some faint indication of 
the figure 6 in the reading of the Polar distance piece 56° 55' having been w ritten 
over a 7, which w'ouid have thrown the nebula somewhat below the southern 
limit of the sw'eep, and might have caused a suspicion of error at the time. I 
found no nebula in the catalogued place in my sweep No. 337 (h.), so that the 
probability of an erroneous degree is strengthened. At the same time, it is not 
impossible that this nebula may be identical with No. 223G=h. 779, the mis- 
take in the degree lying the other way. 

2238 h. 780 = 1. 172. h., in Ph.Tr., suggests that this nebula may have moved. There 

is, how'cver, no ground for this supposition, as its place agrees quite remarkably 
with that brought up from C.IT. But query if the double star have not moved, 
since one of the observations places it “in the middle,” and a subsequent one 
makes the southern extremity of the nebula touch the large star of the double 
star. 

2276 h. 806=11. 101, Imund to rank as a first-class nebula by M. D’Arrest with the 
4|-in. Leipzig refractor. In this Catalogue it stands described as “ very Bright,” 
by a mean of 1 observations. Sec remark in note 2201. 

2310 h. 823=111. 111. There is a strange amount of discordance between the observed 
and reduced places of this nebula. Auw'crs makes the P.D. for 1830=84’’ 29^ 
C.H. has reduced the single observation of "NY .11. by tw’o stars 84, r Leonis 
and 349 Bode Leonis, and her results differ by 10'; r, wiiich gives the gi'cater, 
being stated to be “ too far distant in P.D.” The several results stand thus : — 


F.D. 1830, by Auwers 84 29 

„ by r Leonis (C.H.) ... 84 20 

,, by h. ohs 84 15 

„ by 349 B. Leonis (C.H.) . . 84 9^ 


My observed P.D. is nearly a mean between those of C.H. 

2315 h. 828=11. 42. Not seen by Lord Kosse wlieii once looked for (see notes on 
No. 132, &c.). 

2319 h. 829=111. 351. The obserrations of this nebula, w’hich are numerous, disagree 
so very remarkably in the particular of brightness, that a considerable suspicion 
of variability exists. 

2373 h. 854=M. 65. There is a misprint, 45° for 75° np to sf, in the position of 
extension in my Catalogue of 1833. The diagram in the original sweep also 
corroborates this, as does also the figure (fig. 63) accompanying that Catalogue. 

MDCCCLXIV. E 
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WJ3. twice says mE m mcadd. (18Q°)— h.’s petition T5° sp tesf=^166°; a mean 
af those of Winaecke and Auwers =^172°. 

2377 k 857, k 875 ; M. 66. No doubt these are the sam^ ig. 54 P.T. 1833 corro- 
bcBsdes their identity. The accompanying stars and thek pc^tiems agree 
entirdiy. The E.A. of h. 875, however, requkes to be corrects by ~3“, 
allowing the seconds and the P.D. observed in that observation thek weight. 

2382 II. 30. Auwers deduces his RA. for 1830 (ll^* 12® 21®) firom the statement in 
P.T. “ following 68, I Leonis, 6® 30®.” C.H. from the same data concludes 
RJl. 11** 11® 31® (also for 1830). The latter is (within 2®) the correct result. 

2388 h. 867 =k 861 ? These are very probably the sama But as, after all, the difference 
of the observed R.A.’s is sufficient to have allowed one to escape while observing 
the other, so that they imy be different, and as moreover one is described as 
“ Round,” and the other as “ extended,” both are retained. 

2405 h. 882 =L 20. This nebula w’ould seem to have decreased in brightness. The 
bright # is 1341. A.S.C. 

2411 h. 886=1. 131. Ranked by M. D’ Arrest in the second class with the 4-|-inch 
Leipzig telescope. In this Catalogue it stands as ‘‘ pretty Bright ” kom a mean 
of three observations. 

2417 III. 112. Auwers has reduced this nebula by the star given in P.T. 74 Leonis. 
But I find a MS, note that this star was not dependable, and that Mayer’s 
No. 510 is the proper determining star. The nebula w’as subsequently looked 
for and found, not in the place given by (p, but 8' from the P.D. concluded 
from Mayer 510. A mean of these two detenninations is therefore used in this 
Catalogue, 

2440 h. 907 =111. 353. Auwers doubts the identity of these nebulae. But this is in 
consequence of a misprint in P.T. (see List of Errata), 63“ for 43“. The error 
is found also in the Register Sheet (H. 937), but C.H. has avoided it and used 
43“ in her reduction so as to give a R. A. agreeing within 35® with that of h. 907. 

2461 h. 918=11. 784. Lord Rosse, in his observation of this nebula, mentions 
“ another brush-like, 20' np.” This was no doubt II. 783=No. 2454, 

2501 h. 945=1. 94. W.H. makes this nebula by one observation extended, n to s, 
by another nf to sp, wffiile h. has two observations agreeing in making it extended 
in the parallel. Surely it does not rotate % 

2540 h. 967. 1“ added to the R.A. It is evidently the first of the group of 4. 

2577 HI. 113. This nebula is reduced also in Auw^ers’s catalogue by p Leonis, the star 
set dowm in P.T. But C.H. remarks that p was above the sweep, and otherwise 
observed under unfavourable circumstances, and Mayer’s 510 zod. star. s. 0° 31 
is preferred, which gives a result differing by -|-24' in P.D. and —48® in RJL 
The place adopted in the present Catalogue is in conformity with this remark 
(See note on No, 2417.) 
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^tl h. lIMWsrsIII. €16. Hie stai- dm, & nouly notit^ by W.H. The oth^ 7m, f in 
the parallel only by h. Are there really two stars ! and are they both -variable ? 

2697 h. 1W2=I. ^8. Anwers, in consequaice of an erratum in P.T. (see List of Errata), 
makes the R.A, of this nebula 7™ too small. The error is corrected ih the 
Regi^^ (H. 1889) and in C.H. s reduction. 

2604 h. 1009=:I, 202. The same misprint in P.T. mentioned in the last note on 
h, 2597 has also vitiated M. Auwers’s R.A. of this nebula. It is corrected in 
the Register Sheet (H. 1886) and in C.H. 

2608 h. 1013=111. 381. I adopt Mr. Marth’s identification of these nebulae. The 
place of III. 381 in the catalogue of C.H., from which my working lists were 
made out, is vitiated by some great mistake. The P.D. is supposed to be 
derived from 1 Comae, the neb. being 1'^ 12' south of the star. This, however, 
would give 68° 9' 29" for 1830 instead of 65° 45' 0". that brought up from C.H. 

2650 h. 1039. This cannot be identical with h. 1036, and its brightness precludes its 
being accepted as III. 354. But there is extreme uncertainty as to its P.D. 
The degree may even be wTong. 

2652 h. 1041=11. 733. According to W.H. the position of extension is ‘‘near the 

meridian.” If meridian be not a mistake hi parallel it has changed, h. has a 
measui-e 62°-3. and an estimation 65° in another observation. 

2653 h. 1042. This cannot be III. 3, as C.H. has reduced two obs. of this latter well 

agreeing, and giving a R.A. 2®* exceeding that of h. 1042, which also rests on 
2 obs. of h. 

2668 h. 1050=1. 253. The difference of descriptions is extraordinary, so that they 
seem hardly to pertain to the same object ; but the places agree. 


h. 1062, 3, 4, 5, 7, 8, 1070, 1, 3, 5, III. 391, 2, 3, 4, 5, 6. The places set down 
for the nebulse of this extensive group are made out by a most cai'eful consider- 
► ation of all the observations and records in the sweeping books which seem 
ureconcileable with a group of six nebula? only. The group, however, needs a 
thorough re-examination. 


2730 n. 14. Owing to an erratum in P.T. (see List of Ermta) Auwers gives quite an 
erroneous place for this nebula (11** 39® 27* R.A., 81° 9' P.D. 1830). 

2747 h, 1103=111. 814. Auwers suspecte ^me error of the press, ance his P.D. for 
1830 comes out 86° OS', while that of h. 1108 is 35° 56'. There is, however, 

£ 2 
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no error, either of printing, registry, or reduction in any part of the older work. 
The determining starts rightly set down as 5 Canum, whose P.D. for 1800 (the 
epoch of G.H.’s catalogue) is 37° 19' 42", and III. 814 is declared to be V 32* 
north of it, so that 35° 48', the P.D. of C.H., is conect, and reduced to 1830 
• (=35° 58') agrees with my place within 2'. Neither is there any error of the 
press or of reduction, or any apparent mistake of a clerical nature in all the 
process of h. 1103, and the nebula observed is set down in the sweeping book 
(of course from the w^orking list) as III. 814. I consider their identity there- 
fore as fully established. 

2771|li. 1211=11. 372. II. says, the most northerly of the pair II. 372, III. 360 the 

2773 / largest: h., ‘'by diagram,” makes the following nebula, III. 3G0 = No. 2773, 
the larger of the tw*o. 

2814 II. 109. The reductions of the sweep 187 (H.)in which this occurs are somewhat 
precarious, and in C.H.'s revision of the sw'eep the A. P.D. from 6 Comae is set 
dowm at 1° 50', that in the P.T. at 1° 64' (these changes are never made without 
good reason), and this accounts for 4' out of the 5' difference between her P.D. 
and that of M. Auw’ers. 

2846 III. 635. In a sweep two years subsequent to the obs. of this nebula by H, it 
W'as looked for again but not found. 1 if a comet. 

2849 D’Arr. 89. M. D’Arrest makes mention in a letter which he has done me the 
honour to address to me, of a nebula having the same K.A. as this, but a P.D. 
(1860)= 83° 46' 42". He does not include it in his final list. It should, how’- 
ever, be looked for. 

2852^h. 1183, 7, 9,1190, 4; II. 568, 9, 670, 1, 2, 3. There cannot be a doubt that 

2856 II. 568, 669, 570, 571, are in 82° P.D., and II. 672, 3, in 83° It is equally 

2867 ^ certain that h. 1183, 1189. 1190. 1194 are in 83°. They w'cre observed in two 

2862 j distinct sweeps (sw\ 111 and 238) ; I observed also II. 572 in sw. 238, and III. 

2865 57 3 in sw. 250. There must be a set of nebulse, at least 8 in number, hereabouts, 

2869] N.B. W.H. makes 11. 568, 569, 570, 671, 34' n. of 11 Virginis. If n. be a 

mistake for s, these agree with h. 1187, 1189, 1190, 1194. 

2855 h. 1186=1. 90=11. 322. Marth’s conjecture is right (see Auwers’snote on 1. 90) 
as regards II. 322, but not so his conclusion that 11. 322=11. 377. 

2878 h. 1202=1. 139=M. 61. Discovered by Oriani. N.B. The first discoverers of 
the nebulffi in Messier’s list, when not Messier himself, are mentioned by 
M. Anwers in his catalogue of those nebuljn (pp. 66-71), except in the cases of 
Oriani’s nebulae, M. 141, 181, 351, 61, 67. 

2884 1202, a. Under h. 1196 and 1202, two nebulae, unidentifiable, are described as 
companions, but there must be some great error in Lord Ilosse’s account of 
them, as the place of one is referred to a scarlet star “ 10' south of a scarlet 
star E.A. 12** 25'.” Now h. 1202 is in KA. 12^* 14®. To afford a fair chance 
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of reobserving them, the companion 10' nf h. 1202 is entered here as 1202, 
and that south of the scarlet star, under No. 3060 as 1196, 

2892 D’An*. 90. “Eeperta a me Mart, 4, 1862. Eandem reperit Schonfeldus, April 1, 
1862. Vide Comptes Rendus, &c.” ‘ ^ 

2951 II. 87. This may be h. 1240, but 7' in P.I). is a large error. 

2961 h. 1253 =:M. 86. The nebula of Lord llosse 14' sp this is no doubt IT. 168. 

2976 h. 1261=111. 492. 111. 492 was looked for April 11, 1787, by W.H. in the 
place assigned to it, but was not seen. Auwers, however, makes it identical 
with h. 1261. Yet the descriptions are radically different, and after all there 
may be another nebula, the real III. 492, in the neighbourhood. 

2902’j R. novfe. 1274, a; 1275, «?. Of the eleven “ knots ” seen by Lord Rosse in this 

2995] place these two are the only really “novae.” The other 9 were h. 1237, 1244, 

1250 (1 & 2), 1253, 1259, 1274, 1275, and Auw. N. 30, numbered in this 

Catalogue 2931, 2049, 2955, 2956, 2961, 2965, 2974, 2991, 2994, h. 1203, 
numbered by Lord Rosse as one of the group, seems too far remote in R.A. to 
have been seen on that occasion. 

2999 li. 1279=11. 156. H. says “F;” h. “vB.” The latter preferred, since F might 
arise from fog or liazc. 

3003 h. 1282. II. 56 and II. 90. Both II. 56 and 11. 90 were seen in one sweep, 

March 1, 1784. at F" interval of time (by the same star, 25 Comae), II. 56 

being 1' more north, and II. 00 3' more south than the star. This is a case of 
positive disappearance, for in sweep 334 (h.) the neighbourhood 'was carefully 
examined and only one nebula found. 

3008 1. 23. By ^ Yirginis, sw. 174 ; n. 1° 31'; P.D. (1830) 77" 18' 29". By 34 Yir- 
ginis in sw. 199, s. 0" 19', whence P.D. = 77" 25' 33", mean 77® 22'. Auwers 
makes it 77" 16'. This nebula is placed in the 2nd class by M. D Arrest as 
seen with the Leipzig refractor. In this Catalogue it is set down from a mean 
of two observations, as “ pretty bright.” 

3011 h. 1289=11. 212=11. 750. 'Ihe two ncbulee so designated w’ere not observed 
by H. in one sweep, and are, no doubt, identical. 

3013 h. 1290=11. 122=11. 174. These two iiebulm of the 2nd class were also not 
observed by IL in the same sweep, and are presumed to be identical, as the 
places agree. 

3021 h. 1294=M. 49. Discovered by Oriani in 1771. 

3026 h. 1295=11. 117=11. 629. The same remark applies as in the notes on Nos. 
3011, 3013. 

3029 11. 116. Not seen by D Arrest. 

3043 h. 1307=1. 83. Not found by Lord Rosse 'when once looked for. There can be 
no doubt, however, of its existence in or near this place. 

3060 1196, a=R, nova. See note on No. 2884. 
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3075 k 1329=1, 31=1. 38. H. describes L 31 as “ tetweei The 

places differ 15' in P.D. ; h, descrii^ L 38 (tiie place well with that 

cff fiL) in one ob^rvation as having a large star £, and in two others as havii^ 
a star 9m, p ; that is, "in effect, as lying between two bright stars. If .B. The 
st^ used for I. 31 is 31 d 1 Virginis, and for 1. 38, 32 ef 2 Vhginis. The d^* 
nation of 31 1 is 30' wroi^ in A.S.C, (No. 1469). In B.AC. it is ri^t. Hue 

P.D.’s of the two nebulae of H. differ, as already remarked, by 15'. The R.A.'s 
agree. They must be identical with a mistake of 16' in I. 31. D’Arrest says 
he is sure there are not two nebulae here. 

3078 III. 26. Place as per C.H., 12^ 25“ 32% 68° 32' for 1830 ; as per Auwers, 

12^* 25“ 40®, 68° 47' (see list of Errata). The correction of the place in P.T. 
is not, properly speaking, an erratum, but the substitution of a good observa- 
tion for a bad one. In the obs. sw. 177 (H.), where 20 Comae was used as 
the determining star, the place is given only by description. In a sweep long 
subsequent (sw. 944) it was compared with 26 Comae in the regular form of 
observation, and this is of course to be preferred. Auwers’s |dace is deduced 
from the earlier, and that of C.H. jhom the later observation, rejecting the 
other. 

3079 h. 1322=8 Canum. This very remarkable object <xjcurs among the list of those 

observed by Lord Eosse in his paper in P.T. 1861, but without a word of 
remark or description; and it does not occur among his list of nebulosities 
looked for but not perceived. Surely it might be inferred from this that the 
nebulosity surrounding the star tvas seen, or its absence would have been noticed, 
as in the instance of 55 Andromedae. Yet Mr. Lasseil saw no nehulc^ty about 
8 Canum. 

^97 h. 1348=M. 89, Lord Eosse has h. 1343 and 1348, and in his account of them 
^ys, “two others, about 20' s. of 1348 one of these must have bmi h. 1343, 
and the other h. 1349. 

3103 h. 1353=1. 110. This nebula was barely perceptible, with straining the atten- 
tion, by M. D Arrest with the 4J-inch Leipzig refractor. It is described in this 
Catalogue as “considerably bright” by two observations. 

3108 !h. 1358, 1359, 1363=IV. 8, 9. The obs. of 1363 in my Catalogue of 1833, in 

S 109 I which the EA. is uncertain, undoubtedly refers to the same very i^emarkable 
double nebula, IV. 8, 9. DArrest is sure that; there is no othm: double nebuk 
in this nmghbourhood. 

3111 M. 90. The place is from two observations by W.H., as also the d^ription. 

3127 h. 1374=1. 273. The descriptions of H. differ so mudi tiuat it is not impostible 
there may be another bright nebula near this placa 

3138 h. 1379=11. 577. Two dia^-suns by h. in swee^ 141, 143, agredng, represent 
this nebula as making a consider^ly acute^ngled, B^arly isosed.^ trmngle with 
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two following stars. H. says, “Between two Bright stars, making a tna®^ 
with them.” No one now, looking at those (iiagrams, would call the sitmtmai 
©f the nebula between the stars. A suspicmn of prc^r motion arim in 
a case. 

S148 h. 1S84=:II. 148. In my Oatalc^e of 1833 this nebula is ident^ed with 11. 20, 
and in the Eegister Sheets (H. 320), under the head ai II. 148, th^ is a memo- 
randum, “ Probably the same as 11. 20 (H. 47).” But on examining all the 
observations of both nebulae, I anive at the conclusion that they are different, 
II. 20 being nearly 2“ later in E.A. 

3170 h. 1401. Query if not =11. 38, with one degree mistaken in P.D. 

3174 See note on 3148, above. 

31771 h. 1406, 1407=11. 794 (1 &2), III 778; h. 1428, 1435=11. 795, 796. Auwers 

3179 remarks,' and justly, on the great apparent discordance of the observations of h. 

3206 ^ and his places of IT. 794, 5, 6, and those of W.H. The fact is that the places 

3216 of these in the P.T. all rest on comparisons with e TJrsae in sweeps 921 and 

3224 j 1001 (H.); and the observation of that star has been erroneous or mistaken in 

sw. 921 by about 11' in P.D., as appears from an obs. of 73 Ursae in the same 
ST^’eep. The nebulae affected by this error are those here enumerated, and it 
requires very careful consideration to disentangle all the observations of each 
nebula by both stai’s, and to decide on their identities. My final conclusions 
are, — 1st, that in these sweeps two distinct nebulae, II. 794, 1 and II. 794, 2, 
were obseiwed, and confounded together under one number (=H. 2079 register). 
These are my h. 1406, 1407. 2ndly. that h. 1407 and III. 778, II. 795, 796 
are coi^rectly determined id sw^ 1001 (H.). 3rdly, that in sw. 921 (H.) the 
nebula set down as II. 794 was not the same as that called II. 794 in the 
reduction of sw. 1001 ; ?. e. that it was in fact h. 1406, and that in this obser- 
vation there is also an error of 6^ in P.D., or that, if not, there must be still 
another nebula in P.D. 33° 54' (1860). Finally, that the place of III. 778 
given in Phil. Tr., wliich is affected by the sdme general cause of error, requires 
a coiTection of -f 9' in P.D. 

3180 h. 1405=111. 44. This is the companion of M. 60, and is placed by M. D’Arrest 

in the first class, even with the 4^inch Leipzig refractor. Perhaps the very 
superior light of M. 60 may have led both H. and h. to under-estimate that of 
its, anyhow', much fainter companion. 

3189\h. 1414, 1415=1, 176, 177. These two, according to Lord Rosse, are connected 

3190/ by faint nebulosity. 

3206 III. 778. See note on 3174. 

3214 k 1426=11. 181. Auwers points out a discordance of 19' in P.D. between my 
observation and that of II. 181. This is owing mainly, ho^^ever, to a misprint 
m Phih Tmi^ (S^ Lkt of Errata,) 
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32161 

2224 ] II- *^95, 796. See note on 3174, 

3228 I. 8= III. 6. The later of these nebulae is expressly stated in the register (H. 38) 
to be of the 1st class, though set down (it does not appear why) in the 3rd. 
3254 h. 1452=1. 41. The case of this nebula is a very odd one. H. has two obser- 
vations of it. One on April 5, 1784, where it is described as a “ L ; B ; r neb ; 
sbM; iRFig; Class I.” Another on March 3, 1789, calls it ‘-pB; cL; iFig; 
er. Many of the st. risible.” So that it may be called a cluster. Both the 
places of H. and that of h. agree so well, that the object in all must have been 
the same. Here seems evidence of change. 

3256 h. 1453=11. 73. Contradictory descriptions, and possibly two nebulae differing 
1“ in E.A. 

3311 h. 1480=1. 141. Query if not changed, h.’s observations are*positive as to the 
clearness of the sky. But query as to the state of the speculum. 

3319 h. 1485=11. 384. Not seen by Lord Eossc in two observations (hazy). 

h. 1497=1. 68; II. 299; h. 1511=1. 69; h. 1536 = 11. 301; h. 1574=111. 382. 

Auwers finds 5' A.P.D. between II. I. 68 and h. 1497. llis place is from P.T. 
^ 53 Virginis n. 1° 4', whereas C.H. in her reductions uses n. 1° 11', and my 

observations of this and the other nebulae in this list justify the departure. I 
subjoin her note on this nebula (in zone 103'^ C.H.): — 

“ I. 68, I. 69, HI. 282 are each 7' more north than they arc given in the 
“ printed Catalogue. The disagreement is the result of the recalculation, and 
“ is probably owing to my attempting more accuracy in valuing the ‘ numbers 
“ ‘ to a degi^ee,’ &c. &c.” (/. e. in the index reductions of the Polar distance 
readings which were parts of an arbitrary scale). And in the next zone (104° 
C.H.) occurs, 

“ II. 299 and II. 301 require the same memorandum.” In point of fact, com- 
paring my own observations with those reduced by M. Auwers, the differences, 
as stated by him, run thus : 

I. 68 . , . A.P.D. n-h=-f5' 

I. 69 +7' 

III. 282 

11. 299 

11. 301 -f 6' 

so that in each case, where I have observed the object, the alteration is justified. 
This is only one out of the innumerable instances of painstaking and laborious 
scrutiny bestowed by her upon these reductions which have occurred to me in 
the collation of her zone catalogue with the original observations and with my 
own results. 

3356 h. 1509=1. 143. Auwers places this nebula 1° 13' too much to the south in con- 
sequence of an erratum in P.T. (see List of Enata). 


6 ’ 66 '( 

3338 

3358 

3420 

3483 
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BS58 See note on 3337. 

3363 V. 3. Auwers makes the Il.A. of this neb. for 1830 13^ 2™ 31®, which is 10“ too 
great. The P.T., which in this instance is correct, makes it follow 75 Leonia 
44“. 

3303 h. 1527. This is not impossibly III. 937, but as both R.A.’s and P.D.’s differ very 
much, they may be different, and are therefore separately stated. 

3415 h. 1535. Not seen by Lord liosse in one observation ; clouds passing h. has two 
observations, both agreeing w^ell. 

3420 See note on No. 3337. 

3421 II. 185. Auwers, misled by an error in P.T. (see List of Errata), malies the E.A. 

of this neb. too small by 10“. 

S42C Auw. N. 31. Not visible in the Konigsberg Heliometer. 

3483 See note on No. 3337. 

3500 11, 22. P.D. extremely doubtful. 

3512 II. 82G. Place re-reduced by the star used by H. and A.S.C. 

3527 h. 1597=11. 314. Auwers makes A.R.A. 11. — h. = -fl07®, and remarks that 
there is perhaps some error in P.T. This is the case (see List of Errata), and 
with the correction there indicated the agreement is satisfactory. 

3550 D'Arr. 94. D’Arrest says “ not found again. Feb. 19, 1863. Sky perfectly clear. 
Perhaps a comet.” 

3588 h. 1G33=III, 920. 11. says it is sp a considerable star. li. has “ a *9m with a 

very dilute nebulous atmosphere.” Has tlie star or the nebula moved 1 
3650 III. 946. Auw'ers makes the declination +89^ 17', a misprint for ff-SO® 17^ 
3662 h. 1674=1. 255. Evidently ill seen by h. The description of II. preferred. 
3604 |h. 1670, 1679=111. 422, 423. Auwti-s makes the P.D. 12' too great by reason 
3668/ of an erratum in P.T. (see List of EiTata). 

3728 h. 1720=111. 666. Auwers linding A.R A. II. — h. = +52®. supposes a mistake of 
1®. Examined sweep 1 46 (h.), and found all clearly written and right reduced. 
3750 )h. 1734, 1735=11. 309, 310. 11. says the second is tlie larger, h. the smaller of 
3751) the two. 

3760’ 

3762 

3763 

3764 

3766 

3767 

3770 

3771 
3773 
3774. 

MDCCCLXIV. 


h. 1744=M. 101, and its attendants in more or less intimate nebulous connexion. 
Of those in Lord Rosse s woodcut, P.T. 1861, p. 729, N, the principal nucleus, 
is No. 3770=h. 1774* nj=No. 3774=1744, i; m No. 3773=1744, h. The 
others are not lettered, and are made out from the joint evidence of this dia- 
gram and the measures of position and distance of the stars compared with the 
copper plate, fig, 35. — 1744, « is not improbably = III. 787. 
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3820 h. 1763=111, 804=111. 835. The identity of these nebidae leste on a memammr 
dma in MS. in my oopy of Ph. Tr., supported by the of all tihie olwa 

by C.H. in 3 sweeps, each with two determining Auwers makes them 

differ by 14' in P.D. 

3836 in. 551. Place concluded from h. 1772=nL 552 fi-OTi BL’s de^ptiem, "sm 
that it pr^^edes tiiat nebula by 3' or 4' (o' 30")=14* of time. 

3844 h. 1777=111. 347. Auwers makes A.P.D.=— 59', butcff^err^ that there 

be some misprint. Examining all, I find that such is the case (wm of Errata), 
which recognized, shows that 1° has been mistaken, and the identity is therefcme 
proved. 

3846 h. 1779=1. 144. Auw^ers makes the P.D. (18S0)=86° 30^, and H. — ^h.=l° 14'. 
The cause of the discordance is a misprint in P.T. (see List of Errata), in conse- 
quence of which the nebula is 1° 13' north of its printed place. 

3858 jh. 1789, 1788, 1791=111. 416, 417. Lord Eosse says that of these three only 

38591 two were found. The obs. in sw. 28 re-examined — ^1789 and 1791 were both 

3860 J obsen’ed. Moreover, in sw. 337, IIL 417=h. 1791 and h. 1788 were borii 
observed, and 1791 is expressly stated to have been the sf of two seen in moon- 
light. Now* the up of these could not be h. 1789, which is eF and not north, 
but south preceding, whereas h. 1788 by its place in sw’. 338 is np. All three, 
therefore, really eaisted at the date of these observations. It was k 1789 (eF) 
which escaped Lord Eosse s notice, though looked for with greater instrumental 
power. Perhaps it may have changed. 

3863 III. 135. Auwers’s P.D. for 1830 is 63° O'. C.H. reduced to 1830 gives 62" 50' 20". 
Auwers has used (P.T.) 1" 5' n. of d, 12 Bootis ; C.H. 1° 16' n. of the same #. 
C.H. is to be preferred on every account to P.T. Her A.P.D.’s are grounded 
on a most complete and searching re-examination and recomputation (accordm^ 
to the then existing star catalogues) of all the data (in the earlier sweeps most 
obscui'e — -foliis sihyllinis ohscuriora) for determining the degrees and minutes of 
P.D. from the index numbers. In almost every case I find her corrections (or 
rather interpretations) to be justified ; and I have no doubt that in this partk 
cular instance such will prove the case, though hei'e I confess myself, after con- 
sulting the original sweep, unable to perceive the reason for the deviation. 

3888 in. 319. Auwers, following P.T., which places the nebula 2° 26' north of ^ Ur^ 
min., makes the P.D. 1830 =12° 46', and so it stands in the Eegkter sheet 
(H. 864). But it should be 2° 26' south. So C.H. has used it, and so it proves 
to be on reference to the original sweep, sw. 391 (H.), giving for the PJD. 
17° 36' 12". 

3920 h. 1832=11. .695. Not seen by Lord Eosse in one ohs^vatiem. ^e note €m 
No. 132. 

3922 h. 3573= A. 342. In Auwers’s list of Lacaille’s nebulae, he sets down for Mie 
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ated&iatiOTL &i thfe — 56® 68^*^. JFbt 68^*8 fiB€td 48^*8, if it be tbe ^lae object, 
but of that some doubt remains. 

SSi§7 VI. 8* Ammm, uaeg % Virgmis, the ^ermining stsa- in F:T., places this cluster 
in E.A. 14^ 53^ 37* (1830), 09® 66^ P.D. This, however, is declared by a sub- 
^aent MS. note- to be a mistake for Mayer’s 577 zod. star, whence the place 
in this Catalogue is accordii^ly derived. ]&it this star, too, must have been 
mistaken, mid on consulting the original sweep (sw. 209, H.) I find no star in 
the sweep whose identity can be satis^ctorily ascertained. All that can be 
certainly affirmed is that, within a degree one way or the other in P.D., and 
from 5 to 10 minutes of time in R.A. of the place set down, there exists a fine 
cluster of the 6th class which should he looked for. Fortunately it is the only 
nebula observed in the sweep, a very short one. 

3977 h. 1866=1. 184. Some suspicion of variability, inasmuch as one description calls 
it R, another E, and another mE, besides other indications in respect of bright- 
ness. 

3998 III. 373. C.H., by three distinct observations in three different sweeps (400, 

730, 917, H.) from the same determining star 11 Librae (s. 0® 13', s. 0® 14', 
and s. 0° 16'), deduces a P.D., which reduced to 1830=91'^ 49' 39". Auwers, 
using the same star, s. 0° 12' as per P.T., places it in P.D. Ol"" 17', which, how- 
ever, is probably a misprint for 9L 47^ Two of H.’s obseiwations place the 
small star soutA and one north of the nebula. 

3999 h. 1881=11. 676. The binuclear character verified by R, who says that it is a 

close double nebula. 

4016 h. 1892=111. 131. Query if not variable in brightness. H. in two observations 
calls it F and cB ; h., in two others, vF and eF. 

4026|II, 756=h. 18981 In the two observations by H. of II. 766 it is described as 
4029/ cF; pL; iF; r/ 

pB ; s ; E ; 

and no mention is made of a double star near it, so that though the places agree 
within the possible limits of discordance, they are most probably two distinct 
nebul®. 

4043) 1901, a. Two of six seen by Lord Rosse. The others must have been h. 1901, 
4044/ R 1902, 11. 541 and III. 511. 

^48lin. 886, 887. Auwers has made an error of — 12' in the declination, or +12' in 
4049) the P.D. of this double nebula as determined from P.T. (20' n. of 7 Serpentis). 

. The P.B. here down is that correctly»'reduced, C.H. having on her jmrt 
COTomitted an error of -+2' in P.D, 

4^54 h, 1^5=n. 761. In Auwers’s declination, for +-20® 44' rmi +-20® 14', an 
evident misprint. ■ 

4^^ TL- 81S. ; Owing te an erroneous ffedgnation of ^ determimng star m P.T. /see 

F 2 
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list of Errata), Auwers has given the place of this nebula (1830) as R.A. 

141* 4im 3s. Decl. 4-60° 6'. 

h. 1934, &c. In Lord Rosse’s diagram of the group h. 1934, A, the nvost con- 
spicuous, would naturally be selected as identical with that nebula, but in that 
► case 11. 766 would not be included in the group. On the other hand, if B be 
taken for h. 1934, the identifications will stand as follows: — A=No. 4131 
=11. 766; B=No. 4128=h. 1934; C=No. 4127=1934, d; D=No, 4124 
=1934, a. This, however, supposes an ciTor of 45® of R.A. in H.’s place of 

II. 766, which is not probable, while on the other hand it is difficult to account 
otherwise for its not having been noticed at all. All things considered, I have 
thought it best to enter A as a new nebula, No. 4133=1934, c, leaving 766 
untouched. 

4167 li. 1948=111. 74. Not seen by Lord Rosse, once looked for (see note on No. 132). 

4173 h. 3624=M. 80. This is Pogson’s globular cluster, with a variable star in the 
centre, for whose most singular history see the Monthly Notices of the R. Ast. 
Soc. xxi. pp. 32, 33, by Mr. Pogson. Mr. P. in that statement says that Sir J. 
Herschel (among others mentioned) had described it as cither “ cometary ” or 
“ nebulous.” This is incorrect. In both my observations of this object it 
stands described as a globular cluster, all completeh resolved into stars. (See 
C.G.H. h. 3624.) 

4234 h. 1970 = 2. 5. D'Arrest calls this planetary nebula blue. The place used is a 
mean of his observations, that of h. (Catal. of 1833) being only Struve’s roughly 
brought up. M. D'Arrest makes the diameter =14'^‘6. 

4247 III. 727. The comparison of the place here set down with that of Auwers is 
curious for the great number of perfectly accidental errors which have heaped 
themselves together. The place (C.H.) is rightly reduced by her from s Her- 
culis, f 16“ 11® ; n 0' 14!', which is that given in P.T., and which, reduced to 1830, 
gives for the R.A. 16^ 44“ 46®‘8 and for the P.D. 47° 58' 16", differing 4-8**8 
and 4-11" from the exact result. In M. Auwers's catalogue it is entered thus: 

III. 127; R.A. 16^* 14“ 47®; Decl. +43'’ 1' (corresponding to P.D. 46° 59'). 
That is to say, there is a misprint in each of the three imrticulars. This is not 
to be taken as a specimen of M. Auwers’s work, which is an admirable example 
of painstaking devotion, and far beyond any eulogy in my power to offer. But 
it is a striking instance of the way in which, in the great run of chances, 
unlucky coincidences will happen. 

4259 h. 1974. Doubtful whether a nebula or a very faint double or triple star. 

4294 M. 92 (= also Lalande No. 31544). Not observed by h,, but 8 times by H. 
Place from Wollaston’s catalogue, which is almost identical with Auwers 
(A.R.A.=0®1, A.P.D.=0' 3"). 

4302 h. 1981 =h. 3686 =IV. 11. The annular form only perceived in the southern 


a: 

4127 

4128 
4131 
4133 
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observations. Both H. and h., in their northern observations, describe it as of 
equable light throughout. It appears from Lord Bosse’s observations that the 
annular form is much more common among these “ planetary ” ncbulaj than H. 
or h. had any idea of. 

4364 h. 3723=11. 200. On a ground astonishingly rich. 

4368 V. 13. P.D. by Auwers =113° 36' (1830), owing to an error in P.T. (see List of 
Errata). 

4372 h. 3720 = A. 473. There is a singular statement respecting this cluster by Cac- 
ciatore in No. 113 of the Astronomische Nachrichten. He observed it as a 
nebula, he says, on the 19th of March, 1826 (of course, therefore, Dunlop has 
the priority in point of date). But vjhere he saw it Lacaille, he says, noted 
his star 1 183 (Coclum Australe). Also, Piazzi in 1704 and 1801 in the same 
place saw only a star. Cacciatorc in 1809 and 1810 observed the same star, 
but saw no nebula, only a star 9m following it (P. xvii. 341. 346). In looking 
fur the comet of 1826, however, ‘'fiii colpito,"’ he says, “ da questa bellanebu- 
losa.” Unfortunately for this curious history, the place of Piazzi’s star referred 
to (and which he identifies with 1483 C.A.) differs by no less than 18' in P.D. 
from that of the nebula in question, which was therefore out of the field of 
view, both of his own and of Piazzi's telescope, when observing the star. 

4390 h. 2000. 2. 0. Omitted by Auwers from his catalogue of new nebula?, which con- 
tains many far less remarkable. Diameter, according to D’Arrest, =7"'05. 
Bessels place =h.-f 0=^'8, —0' 22". 

4397 h. 2004 =M. 24. H.’s two observations hardly consist with this description, and 
their deviation in B.A. of nearly 4"* from Messier s place makes it very doubt- 
ful whether he really saw this object. 

4411 M. 69. Piazzi, in a note on xviii. 122 of his catalogue, says that both M. 69 and 
M. 70 arc 1° more to the south. But he is wrong. 

4415 Auwers, N. 40. This is the nebula discovered by Tuttle on Sept. 1, 1859, and it 
would appear to be variable, for M. D’Arrest says (in a letter of May 8, 1863), 
La ncbuleuse de M. Tuttle (Astroii. Nadir. No. 1337. p. 272) etait, le 24 Sept. 
1802, si brillante ct si remarquable dans le chercheur {grandis efp^wdara^ ovalis^ 
2' longa, 80" lata\ que je suis persuade qu’elle n’a pas etc telle du temps de 
Messier et de votre pere, ct de vos propres observations. Voici la position que 
j’ai obtenue. 1861*0 E.A. 275° 55'*6, N.P.D.=15° 30'*1.” The place given in 
the present Catalogue is that of M. Auwers, and differs somewhat, though not 
considerably, from this determination. 

4428 M. 70. See the note on No. 4411. 

4462 III. 742. This agrees too well with M. D’Arrest’s place of his No. 113 not to 
be the same. His description is F; S; B; #10p 12'*6, s 2' 30". 

4478 Auwers, N. 44. This is the nebula discovered by Mr. Hind on March 30, 1846, 
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M wm in Majr 1S52 as a nebula of the first cla^ ; subsequently as 

j»e% faint and diluted.” M. Auwers found it “ surpisi^ly feint/’ and of 
t^ 2nd class at the highest. 

4487 h. 2087=111. 748. This was seen as a planetary nebula in the twilight by 
M. D’ Arrest with the 4^mch refractor, and can therefore hardly be ranked m 
low as Class III. 

4536 h. 2062=111. 144. Not seen by Lord Eosse; once looked for. (See note on 
No. 182, &c.} 

4570 h. 2073. Not seen by Lord Eosse; tuice looked for. h. has three observations 
agreeing well. The object is an equivocal one. 

45851 h. 2081=1. 103. According to an observation of Olbers, cited by Auwers, this 

45S6J is identical with No. 4585=1. 103, the place of the latter nebula, as assigned 
by H., being 20' wrong in P.D. This had escaped my notice until the nebulae 
in this Catalogue had been finally numbered and much other work accumulated 
on them ; and it was considered better to let No. 4585 stand, tliough erroneous, 
than to hazard confusion by striking it out and altering all the subsequent num- 
bering. 

4618 h. 2093, In conformity with Mr. Mason's remarks on my obsenutions of this 
nebula, and with his elaborate and excellent monograph of the great nebulous 
system of which it forms a part, I have diminished the P.D. in my Catalogue of 
1833 by 1°. It is evident that the index reading must have been mistaken, 
for 0^ Sweep 8 examined ; the writing is clear and the reduction correct, but 
the conclusion from Mr. Mason’s obser^^ations is irresistible. 

4628 h, 2098=iy. 1. According to Lassell this is annular, an elliptic ring with a star 
in the centre. 

4654 h. 2113. Not seen by Lord Eosse; twice looked for. Examined sw’. 86 (h.), in 
which it was observed. All found apparently correct, the observation clearly 
written and right reduced : and it is added, “ the double star ” (h. 934 in my 
“ 3rd series of observations, &c. &c.,” Mem. Ast Soc. vol. iii.) is a good guide.” 
A diagram accompanying the observations, by indicating lines points out the 
relative situation of the double star and nebula. 

4710 h. 2133, Not seen by Lord Eosse in four observations. 

4714 h. 3897. Not found by Mr. Lassell within 30' all round the place. 

4723 h. 2137=111. 920. Not seen by Lord Eosse in one observation. 

4756 h. 2148. Not seen by Lord Eosse in three observations. In one a cloud passing. 

4775 h. 2156=111. 932. H. says, just sf a S# to which it ^ems almost to be attached, 
but is free from it.” h. says, has a * 13in at a distance from the edge = i dfe- 
f; . meter by diagram,” Sw. 274 (h.). This sweep re-examined. The diagram mafces 
the star north of the nebula. The description says, “ Diagram certainly right.” 

4^36 2172,. m. In this groqp Lord Eosse has given only mc^l^ires of relative positktti, , 
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®id mam of distance ; so that it is impossible to assign specific places to tlie 
MMdmals of which it ooasistB. He i^eaks of mwr to h. 2172. The dia- 
gmm exhibits only fbnr. One may possibly be III. 166. 

4848 2184, <L In L^d Bosi^’s diagram of the grcmp to which tins belong, a is h. 2183 
= No. 4846; i3 = D’Arr. 117=:No. 4844; y=h. 2184=111. 217=Ii^o. 4846; 
l=D’Arr. 118=No. 4847. That marked as 2184, a is not lettered in the 
gmm, and is nova.” 

4892 h. 2205=1. 55. Placed in the second class only by M. B’Arrest with the 4^mch 
Leipzig refractor. In this Catalogue it is set down as only “ pretty Bright/’ 
from a mean of seven observations. 

4894 h. 3971 =h. 3972. These are assuredly identical; but the minute of R.A. being 
doubtful, that of the earlier t3971 is preferred. The mean of the seconds and 
the Polar distances is taken, blending the two, and also the descriptions. 

4922 h. 2223=111. 222. Three times called by h. “pretty Bright,” and three times 
by h. and H., eF ; vF; eF. Is this a case of variability? 

4933 h. 2228=h. 3982=1. 104. Placed in the second class by M. D’Arrest. With 
this the present Catajogue agrees ; making it “ pretty Faint ” by a mean of three 
obsenntions. 

4941 D’Arr. Not included by M. D’Arrest in his final list; but there are four obser- 
vations of it recorded in hie “ Resultate,” all agreeing well. 

4904 h. 224 1=1^'. 18. According to Mr. Lassell this superb “planetary nebula” is 
hi-annvla)\ consisting of a nucleus and tivo oval rings. 

49GG h. 2242=111. 226. Called by h. in four ob.serv’ations, pB; pB; pB; pB, and in 
tw^o by H. eF ; vF. 

4980 h. 2250—111. 213. Not seen by I^rd Bosse in 4 observations. In my observa- 
tions of swx‘ep 103, a very short sw^eep, using the quadrant instead of the index 
arc. and with no good zero star, both E.A. and P.D. may be a good deal 
wrong. My place, however, agrees pretty well with that of H. ( A. R.A. =5®, 
A. P.D. =4'). and the existence of a nebula as described, Ihereabouts, is certain, 
but it should be looked for within somewhat wider limits. 

4998 h. 2261=1. 110. H. has tw^o observations in which this nebula is called cB; 
h. has one where it is called eF ; adding “ sky quite clear.” 

60031 h. 2263=11. 208. These can hardly be the same. The R.A.’s differ by nearly 

6004] 2*" and the P.D.’s by 6'. The descriptions also disagree. 255", the position of 

the star 14m in h. 2263, is not np but sp, and the estimates of their magnitudes 
differ materially. 

5015 h. 2271=111. 854. A very problematic object, and in which th^e is great dif- 
ficulty in making out its nature. Stars and nebula oddly mixed. 

50201 h. 2274=11 230 ; 2274, h. 2275=11. 231. la Lord iume s diagmm id thk 

6021 i group, a=h. 2274; j3=h. 2275; 7=nova=2274, h. smef 91 makes II. 

^22] 230 the np of two, and II. 231 “ to have 11. 230, 45° This is contodicted 
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by the diagram. There is some confusion among the observations as to whether 
the two nebulae IL 2’305 2 31 really lie np or sp from each other, and it might 
be suspected that the P.D.’s had been read crossways, the R.A.’s being rightly 
set dorni ; but Lord Kosse’s diagram and measures decide the point in favour 
of the relative situation being here correctly given. 

5051 h. 2302. Not seen by Lord Eosse in two observations. Examined the original 
observation, all clear and apparently correct. The nebula certainly exists in or 
very near the place here set down. 

6061 2849, a, A nebula mentioned by M. D’ Arrest, but not included in his MS. list of 
well-determined nebula?. Should, however, be looked for. 

Beferenccs to Figures of Nchulw in various works. 

In the following list of figured nebulae, the first column contains the current number 
of the nebula or cluster in the present Catalogue ; the second the number attached to 
it in my Catalogues in P.T. 1833 and C.G.H. ; or if not found in either of these, the 
class and number in my Pather’s Catalogues or other sufficient designation. The third 
contains an abbreviated reference to the publication in which the figure will be found, 
viz. — 

P.T. 33. The volume of the Philosophical Transactions of the Eoyal Society for 
A.D. 1833. 

P.T. 44. Ditto, Ditto, for 18441 

P.T. 50. Ditto, Ditto, for ISbOVLord Posse’s papers. 

P.T. 61. Ditto, Ditto, for 1801J 

C.G.H. Eesults of astronomical observations at the Cape of Good Hope by J.F. W.H. 
R. di. The woodcut diagrams in Lord Posse’s paper. Philosophical Transactions, 
1861 ; such only being referred to as express some distinct peculiarity not 
elsewhere figured. 

B.A.A. Professor Bond’s Memoirs in vol. iii. N.S. of the Transactions of the Ame- 
rican Academy of Arts and Sciences. 

M.A.A. Mr. Mason’s Memoirs in vol. vii. of the Transactions of the American Aca- 
demy. 

D’Arr. M. D’ Arrest’s Inaugural dissertation and desciiption of the Copenhagen 
Equatoreal, 1861. 

Lam. Dr. Lament’s “ Oeffentliche Vorlesung fiber die Nebelfiecken.” Mfinchen 1 837. 
Lass. Mr. Lassell’s Memoirs in vol. xxiii. of the Transactions of the Royal Astrono- 
mical Society, 

Column 4 contains the number of the Plate in the volume referred to where the figure 
win be found, and column 6 the number of the figure in that Plate. 

The figures annexed to Mr. Dunlop’s catalogue are not included, as for the main part 
they offer no resemblance to the objects figured (when identifiable), and •would serve only 
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to mislead. The same remark applies to most of the older figures of nebulee scattered 
through the volumes of the Histoire de I’Academie Franyaise, and other collections. 
Of the older figures of the nebula in Orion, however, for curiosity’s sake, a list is sub- 
joined. The figures accompanying my Father’s memoir in Philosophical Transactions, 
1811, are also omitted. They do not profess to he resemblances, and are given rathfer 
as types of certain classes of objects into which he there considers the nebulae to be dis- 
tributable. At least they are made from very rude diagrams. 


Beferences to published figures of l^ebnlm. 
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j XXTi. 

16 


3706 

3518 

f' G ir. 

1 vi. 

10 


2378 

i 859 

! P.T 33 

1 TI. 

51 


1 3717 

1713 

PT 61 

xxviii. 

30 


2379 

1 85*8 

; E. <li. 




1 75750 

1734 

R di 




2445 

1 910 

■ K di. 

i 



j 3766 

in 787 

1 P T 61 

i x'xix. 

35 


2486 

i 1 934 ] 

i P.T. 33 

1 

79 


! 3770 

! 1744 

i P T. 61 

, XXl.S. 

! 35 


, ] 3355 1 



! 3778 

! Ill 788 

: PT 61 

xxix. 

35 


2488 

2559 

; r 936 
[3356 j 

1 982 ' 

P.T. 33 

i E. di. 

1 TU. 

79 


! 3779 
i 4051 1 
i 4052 i 

jlll 789 
j 1905 

jPT 61 
j P T 33 

xxix, 

vii. 

35 

77 


2597 

' 10U2 

i E. di. 





I 

. P.T 61 

! xxviii. 

31 


2606 

; 1011 

. P T, 61 

xsvi. 

^7 


; 4058 

1909 

: P T. 50 

‘ xxxvii. 

8 


2652 

i 1041 

1 P T 50 

XXXTli 

i 7 


j 4066 

71594 

; C G 11 

i vi. 

8 


2670 

1 1052 

■ 7.1 61 

XXVI. 

16 


. 4083 

1916 

PT 371 , Tiii. 

87 


2671 

1 1053 

; P T 61 

xxn. 

16 


j 4087 

1917 

R di. 




2680 

1 1061 

, P.T 61 

j xxvii. 

19 


1 4U8 

1929 

P.T, 33 

viii. 

i 89 


2733 

; 1092 

, E. di. 




i 4125 

3610 

C.G.H. 

vi. 



2756 

! ini 

1 P T. 61 

XSTli, 

20 


! 4160 

1946 

PT 61 

xxviii. 

I 32 


2760 

1113 

I P.T. 61 

j xxvii. 

20 


: 4224 

3641 

C.GH. 

V. 



2804 

1146 

' P.T. 33 

! vii. 

71 


i 4229 

3644 

C.G H. 

V. 

6 


2806 

1148 

' P.T 33 

1 Ti. 

59 


t 4230 

1968 

P T. 33 

viii 

86 


j 2807 

1149 

i P T 50 

xxxvii. 

8 




jP.T 61 

xsviii. 

33 


[ 2838 

1173 

, P.T 50 

J XXXT. 

2 


1 4234 

1970 

i Lam, 


1 
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Table (continued). 


No. in 
Cata- 
logue. 

h. &c. 

Work 

cited. 

No. of 
plate. 

No. of 
fig. 


No. in 
Cata- 
logue. 

h. ka. 

Work 

cited. 

No. of 
plate. 

No. of 

%■ 


4261 

3661 

c.aiL 

vi. 

13 


4572 

2075 

P.T. 33 

V 

47 


4284 

3675 

c.a.H. 

vi. 

6 




P.T. 61 

xxviii 

34 


4290 

3680 

C.C.H. 

vi. 

3 




Lam. 

i. 

5 



3680, 2 

c.as. 

T. 

3 

Milky Way. 

4594 

2084 

PT. 61 

5XX, 

36 

1 

4302 

r 1891 1 
} 3686 1 

C.GH. 

vi. 

4 

4600 

4616 

2088 

2092 

P.T. 33 
P.T. 33 

iii. 

iii.. 

33 

34 


4305 

3688 

CG.H. 

vi. 

18 




M.A.A. 

vii. 

1 



3702, 2 

C.G.H. 

V. 

1 

Milky Way. 

4618 

2093 

P.T. 33 

viii. 

82 


4335 

3707 

C.G H. 

V. 

5 



M.A.A. 

vii. 

1 


4342 

3713, 2 

C.G.H. 

V. 

2 


4627 

2099 

P.T. 61 

XXX. 

37 


4343 

1989 

P.T. 33 

V. 

42 


4628 

2098 

P.T, 33 

V. 

44 


4355 

/ 1991 1 
13718] 

P.T. 33 

viii. 

80 




P.T. 50 
H’Arr. 

xxxviii. 

ii. 

14 

1 




C G.H. 

ii. 

2 




Lam. 

i. 

4 




M.A.A 

iv. 

1 


4678 

2125 

P.T. 33 

viii. 

88 


4361 

3722 

C.G H. 

i. 

1 




P.T. 44 

xviii. 

88 


4375 
4395 ! 

3727 

2002 

C.G.H. 

! P.T 33 i 

vi. 

ii. 

16 

30 


4687 

/ 2128 I 
; 1 3878 r 

P.T 33 

viii. 

90 

i 

4403 1 

2008 

P.T. 33 1 

iv. 

3'. 


4729 

1 3908^ 

C.G.H. 

I 

11 

j 



r.G.n. 

li 

1 


4730 

i 3909 

C G.H. 

iv. 

11 




Lara. 

i. 1 

10 


4731 

3910 

C.GH. 

iv. 

11 




MAA. 

vi. 1 

1 


4733 

1 3911 

C.G.H. 

IV. 

11 


4437 

2019 

Lam 

i. 

9 


4734 

1 2139 

P.T. 61 

XXX. 

38 


4447 

2023 

P.T. 33 

ii. 

29 


4815 

2172 

PT 61 

XXX. 

39 




P T, 44 

SIX. 

29 

t 

4876 

2197 

P.T 33 

vii. 

73 




H'Arr. 

11. 

5 


4877 

2198 

P.T 33 

vii. 

73 


4487 

1 2037 

Lam 

i. 

7 


4892 

2205 

P T. 33 

vi 

63 


4510 ! 

2047 1 

P.T 33 

V, ' 

1 46 




I P.T. 50 

xxxvi. 

4 



I 

H’Arr. 

li. 

3 




D’Arr. 

ii. 

6 


! 


Lam. 

1. 

2 


4950 

2236 

I P.T. 33 i 

vi. 

60 


! 4514 

2050 1 

PT 33 

V. 

43 


4964 

2241 

: P.T. 33 ! 

V. 

45 


! 4532 

2060 ; 

3’T 3’] 

li. 

26 ; 




! P.T. 50 

xxxviii. 

13 


1 

1 

P.T 44 

xix. 

26 ! 




P.T. 61 

XXX. 

40 j 


I 


P.3' 50 

xxxviii. 

17 




Lam. 

i. 





P.T 61 

XXXI 

43 


4971 1 

2245 

P T. 33 

viii. 

85 * 




D'Arr. 

ii 

8 




P.T. 61 

XXX. 

41 


4565 i 

2072 i P.T. 33 

V 

48 


5046 1 

2297 

PT. 61 

XXI. 

42 



* No. 1 1 79=li. BOO. Other figures of the great nebula in Orion will be found in Huyghens’s Systema Satux- 
nium, ditto, copied by Le Oentil in Mem. Acad. Sci. Par. 1759, pi. 21. fig. 1 ; Le Oentil's own figure in 
do. do. fig. 2 ; by Picard, do. do. fig. o : another by Le Oentil, do. do. fig. 6. See also : — 

Mairan, “ Sur la Lumicre Zodiacale/* copied in Lalande’s ‘ Astronomy.’ These older representations, however, 
are mere curiosities, and pre.sent no points of exact resemblance. 

Messier, Hist, dc TAcad. 8ci. Par. 1771, p. 435. .,401 . Plate 8 is a careful and (for the time) elaborate figure. 

J. F. W. Herschel, Mem. Astrou. 8oc. ii. 1820. 

De Tico, Memoria intomo ad alcune osservazioni fatte nel Collegio Eomano nel eorrente anno 1838, nebulosa 
d'Oiione osser%-ata al Telescopio di Caiichoix. 1839. 

Bond. A very fine engraving — not yet published. 

t No. 4447. P.T. 44. xix. fig. 29. There is an erratum in this figure. For Decl. 32° 49' n read 22° 49' n. 


g2 
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The following nebulae have been indicated by Lord Rosse as being either “ of spiral 
structure (S), having in them dark spaces (D), as knotted (K), or as in the form of rays 
(i. e. much elongated forms) with splits or clefts (R). 


Ifo in 
Cata- 
logue. 

h. &c. 


]No. in 
Cata- 
logue. 

ll. &c. 


' No. in 
j Cata- 
; logue. 

h.&c. 


No. in 
Cata- 
logue. 

h. &c. 


202 

84 

K 

2158 

731 

D 

2717 

1085 

s 

3249 

1451 

S 

m 

142 

S 

2194 

749 

S 

2733 

1092 

s 

3258 

1456 

S 

394 

257 

K 

2248 

788 

D 

2749 

1107 

n 

3474 

1570 

B 

600 

262 

S 

2373 

854 

S 

j 2807 

1149 

E 

3572 

1622 

S 

604 

264 

J> 

2377 

857 

D 

2870 

1196 

s 

3750 

1734 

s 

888 

327 

s 

2379 ; 

858 

8 

2878 i 

1202 

s 

3843 

1776 

s 

895 

329 

K 

2413 

887 

D 

2890 * 

! 1211 

s 

4045 

1901 ' 

K 

1267 

368 

n i 

; 2445 

910 

S 

2910 1 

i 1225 

D 

4058 

1909 i 

D 

1458 

409 1 

K ' 

i 2499 ! 

943 

S 

2991 

1274 ! 

K 

4087 : 

1917 i 

E 

1527 

446 

K 

1 2559 i 

982 

s 

3049 1 



4572 ! 

2075 i 

S 

1676 

514 

D : 

2597 i 

1002 

s j 

, 3050 r 

1312 1 


4815 , 

2172 

s 

1806 

581 

: £ ! 

2652 i 

1041 

E 

3106' 

1357 1 

E 

4964 j 

2241 

n 

i 2058 

692 

D i 

2670 ; 

1052 

S 

3121 

! 1368 1 

8 

4971 1 

2245 

B 

! 2066 

695 

' s : 

2680 1 

1061 

S i 


! 






List of Errata and Corrigenda in Sir William HerscheTs Catalogue of 2500 Eehilce in 
the Philosophical Tramactimis. 


1 

d 


Class 

No. 

Cata- 

Error and Correction. 

i 

logue. 

j 

I. 

6 

3702 

for f. 3® 56’ read f. 33“ 56* J 


54 

214 

/or f. 12^ 44* ; s. 2“ 50' read f. 18“ 36* ; s. 1° 26' 


87 

2274 

for f 9™ 30* read f. 10“ 30* 


137 

1837 

/or 42 Lmcis read 41 Ljiicis | 


143 

3356 

/or 8 2® 7' read s. 0° 54' ! 


144 

3846 

/or n. 0® 24' read n. 2® 7* 


153 

536 

/or p. 23“ 16’ read f. 23“ 16* 


154 

549 

/or f‘. 1“ 23" read p. 1“ 23* 


155 

778 

/or f. 7"‘ 49* read p. 7“ 49* 


202 

2604 

/w f 0“ 47* read f. 7“ 47* 


203 

2597 

/ur f. 7“ 42* read f. 14“ 42* 

n. 

1 

4738 

/or p. 15“ . s. -1®: : read p. 11™ 45*, n. 0® 17' 

! 11 

2824 

/or f. 1“ 24*. n, 0® 24' read f. 1“ 13*, n. 0® 30' 

1 14 

2730 

/or 3 (») Tirginig f. 2“ 20*, n. 1® 22' read 59 e Tirginis p. 69“ 0*, n. 0® 11' 

! 48 

1707 

/(jt f. 56“‘ 45* read i. 54“ 45* 

1 181 

3214 

for s. 0° 48' read g. 1® 15' 


185 

3421 

for p. 11“ 0* read p. 1“ 0* 


239 

634 

for 27 u) Persei p 8“ 20*, n. 0® 2' read 30 Persei p. 14“ 41*, n. 0® 51' 


240 

5046 

I /or mzr/ 39 Pise. p. 2“ 24®. n. 1® O' 


241 

29 

1 /or read 39 Pise. p. 14“ 24“, s. 0® IP 


242 

4973 

1 /or 48 (jtt't Pegasi read 87 (w) Pegasi 


264 

1335 

j /or 47 t?) Cancri read 25 (b Canis 


265 

1384 

for 1 X, Can. read 1 1 Can. 


286 

654 

/or p read 13 (?^) Eridani p. 


314 

3528 

for L 17“ 57* read f. 15“ 57* 


372 

2771 

for p. 74“ 24* read p. 14“ 24* 


658 

1718 

for 44 Lyneis read 43 Lyncis 


708 

1 1788 

for 37 Lyncis read 36 Lyncis 


794 

1 i'3177] 

1 13179 f 

for 8. 0® 49' read s. 1° 0' (aee note on this No. in Catal.) 


795 

1 3216' 

/or 8, P 13' read s. 1® 24' (see note on this No. in Catal.) 


796 

; 3224 

for p. p 25' reetd s. 1° 36' (see note on this No. in Catal.) 


818 

I 4056 ! 

for 12 Draconis read 12 Draconis Hevelii 


853 

14 j 

/or p. 25“ 38* read p. 25“ 48* 

n . 

6 

3228 i 

for 59 {f J Virgiiiis p 28™ 1 1* read d Tirginis f. 2™ 42», n. (P 57'. The obs, belong to 1. 8 


26 

3078 

for 20 Coma; f. 4“ 30*, s. 0° 37' read 26 Comae p. 5™ 5*, s. 0® 32' 


112 

2417 

/or 74 f Leonis f. 10“ 6*, s. P 52' read Mayer 510. z. p. 61“ 48*, g, P 10' 


113 

2577 

far f Leonis f, 34™ 18*. a. 1° 3' read Mayer 510. z. p. 37“ 36*, s. 0° 31' 


178 

631 

for 17 (y) Persei f. 9“ 6* read 17 (r) Persei f. 10“ 0* 


192 

419 

for 72 Ceti read 62 Ceti 
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Table (continued). 


Class. 

Ko, 

No. in 
Cata- 
logue. 

Error and Correction. i 

I 

III. 

195 

1.99 

256 

289 

293 

319 

347 

353 

369 

422 

423 
511 
607 
627 
739 
751 
778 

684 

628 
1641 
1911 
1974 
3888 
3844 
2440 
3618 
3664 1 
3668 / 
4042 
1645 
1820 
4149 
1897 
3206 

for f. 42“ 42« rtad f. 41™ j 

for 27 (k) Persei p. 8™ 27", n. O' 2' read 30 Persei p. 14™ 44". n. 0® 55' 1 

for 8. 0® 48' read s. O® 58' j 

for s. 0® 25' read s. 0° 31' 

for 23 Leonis read 23 Leonis minoris 

for n. 2° 26' read s. 2° 26' 

for s. r 17' read s. 0° 17' 

for f. 53™ 4“ read f. 43™ 4" 

for 25™ 41" read f. 25™ 41’ 

for n. 0® 44' read n. 0° 36' 

for f. 3™ 5" read f. 3™ 1 1" 
for p 12™ 33" read p. 12™ 23' 
for 43 Lyncis read 42 Lvncis 

1 for p. 32™ 30* read p. 32™ 47" 
j for 39 Lyncis read 38 Lyncis 

j for s. 14' read s. 1® 15' (see note on this No. in Catal.) 

IV. 

29 ! 

2255 

for f. 3™ 36" read f. 3“ 46" j 


31 

4802 

for 0® 37' read s. 0° 37' | 

V 

13 

1 4368 

1 for u. 0® 39' read a. 0^ 38' : : ; 

VI. 

1 ® 

‘ 3.%7 

1 for 26 X Virginis f. 23™ 44". s. 0® 6' read Mayer 577. z. f. 1™ 48". n. 1® 26' ! 

VII. 



[ 1509 

j for 50 Geminorum read 5 1 Geminorum ; 

VIII 

! 

1534 

j for 50 Geminorum read 51 Gen.morum ! 


28 

1 1229 

1 for (IX) Orionis read (Ist x) Orionis 1 


i 44 

' 1533 

j for 5 (Ti) Can. min read 4 (y) Can. min. i 


Tlic follo^ving nebulae are declared in MS. notes to be identical. 

ILG:^T. 1; 11.119=11.94; 11 148=11.20; 11.176=11.70; 11.243=11.241; II. 703= H. 621 ; 
ITT. 6=1. 8 ; in. 198=11. 238 ; IH. 835=111. 804. 


Errata and Corrigenda in M. Auwerss Catalogue. 


Page. 


For 

Read 

j Page 


For 

Read 

19 


IT. 844 

II 834 

i 37 

III. 946 in Decl. . . . 

89° 

80® 

20 

III. 291 in Decl 

27® 

26 

1 39 

III. 347 in Decl 

24® 

25® 

24 

11. 30 in R A 

11^ 12™ 2P 

IP 11™ 33“ 

1 40 

II. 751 in Decl 

20® 44' 

20® 14' 

25 

IV. 59 under Ak 

-5 

-31 

40 


I. 282 

I. 182 

26 

ITT. 385 in R.A 

16i‘ 

1P> 

li 42 ’ 

m 127 

III. 127 

i III. 727 

26 : 

III. 388 111 R A 

lOh 

IP 

42 

Do. in R A. 

14“ 

44™ 

26 i 

11.342 m R.A 

lOi' 

11“ 

li 42 

Do. in Decl. .. ..... 

1 43® i 

42® 

28 

III. 814 in Deel 

53® 

54° ; 

i; 72 

No. 27 Decl 

j 58'-8 

48'- 8 

32 


III. 858 ! 

in 850 i 

77 

List of Errata, II. 341 . 

i 16™ & 11“ 

16'‘&11« 

S3 

Tli.''778'in R.A. 

13h 37m ! 

12“ 37™ 1 

1 77 

Ditto, III. 680.. 

^ 26™ & 16™ 

26“ & 16“ 


M. Au'^ers has given a list of errata and corrigenda required in my two previous Catalogues. They are veiy 
numerous, but relate almost exclusively to errors of identification, with my Father’s classes and numbers. They 
had been, with hardly an exeeption, detected and rectified during the process of preparing and arranging the 
present Catalogue, which being therefore expurgated of them, it is unnecessary to annex a list of them here. 

One very important erratum, however, must be noticed, not having been set down by M. Auwers. In 
p. 494, explanation of plates, Phil. Trans. 1833, figs. 13... 18, /or pmbM; vbM; vmbM read psbM: sbM; 
vsbM. 
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8IE 4. 1. W. HEMCHEL’S CATALOGUE 


i „ Eeferences to 

i IV 0. 

! of I 1 

I Cata-' Sir J. H.’s | SirW. II.'s j 

;logue ‘ Catalogues I Classes j 
i ' i of Nebulae ! and Sos. j 


j Annual ■ 
Precession No. 


i for RigW \Ohs.’ for 

‘ 1860 Jan. 0. j Ascension : used.' 1860, Jan. 0. 
; I for 1880. i 


{ Annual 

North Polar iPrec^ion No. Smnmary Description from a 
Distance m ot Comparison of all tlie 

for ; N.P.D. Utw. Observatious, Eemarts, &c. 

1860, Jan. 0. i for used. 

j 1880. 



D’Arrest, 1 

h 

0 

m 

0 

s 1 
5 ; 

+3-07 i 

[4]. 



0 

1 

13-8' 

3*065 ! 

3 



0 

1 

28-3 1 

3-062 1 

2 

i III. 868 


0 

1 

34-2 

3*073 

2 

^ III. 866 


10 

1 

35-7 

3-084 

2 


R. nova 

0 

1 





! 11.591 


: 0 

1 

37-0 

3-076 

3 


0 

1 

52-1 

3-083 

1 

: III. 147 


i 0 

2 

33*4 

3*081 

1 

: III. 461 


0 

2 

47*21 

3-061 

1 


0 

2 

57*1 

3-053 

2 

I IV. 15 


0 

3 

14-6! 

3-085 

(1) 

! 

' 0 

3 

25-2! 

3-03.3 i 

; 1 

11.853 


' 0 

3 

31*8 1 

3-089 

' 2 


. 0 

3 

39-0' 

3-020 : 

: 2 


! Auw. N. 1 

0 

3 

41-7 1 

3-078 




0 

4 

22-0 

3-023 

1 'i' 

III. 861 


0 

5 

7*5 

3-093 

! 2 

III. 456 


0 

5 

11*3 

3-076 

: 1 

iV. 58 


0 

5 

31-4 

3-188 

1 3 



0 

5 

1 

45-3 

3-095 

i 1 

! 


0 

5 

59*4 

3-O9C 

1 

1 

i 

' 0 

6 

47*8 

3-052 

: 1 

1 

1 Auw. N. 2 

0 

6 

59*2 

3*074 



25 ; 11 . I 

26 { 2314 I 

27 j 2315 i 

28 12 ' 


i 30 , 14 

I 31 I 15 

1 32 15, rt 

38 i 16 

39 ! 17 

40 

41 , > 17,0 

42 'J 

43 ! 2316 

44 i 2317 

45 , 2318 

46 2319 


49 2320 

50 2321 


59 51 46*5 ; 
59 29 20*5 


3-089 i 1 72 14 19*8 ; 

2*978 I 1 151 6 13‘8 ; 

3-028 i 3 , 129 59 83-8 ! 

3-083 ; 1 ' 78 19 58-8 , 


R. 3? novae ; 0 144- 



52 2322 

53 21 

54 


(! 47 tail: “'7' 

III. 148 ! ' 0 18 ; 

D’ Arrest, 2 0 18 ■ 


55 22 

56 2323 

57 2324 

58 2325 

59 23 III. 8 

60 23, fl .... 


' 0 19 18-9 
i 0 19 51-3 
0 20 17-3 
j 0 20 25-1 
i 0 21 41-4 
’ 0 22 0-7 ■ 


-20*05 [ 4 ]U; S; R; bet*ll aiid#14 ... 

20*05 3 leF; cL; inE; vgvlbM 

20-05 2 iF; eL; vlE; glbM 

20-05 2 ieF; plL; vglbM 

20-05 2 ivF; vS; Sst-f-neb 


3 ivF;pS; RtglbM ; 

1 ;pB;S;R;bM ; 

I 1 3Ssti-o«6 , 

! 1 ,vF; cL; niE; gbM : 

; 2 -vF;S:R ! 

1 1 vF; vS; stell 

1 1 ieF;por2 

; 2 'pB;pL:E0H 

I 2 VeF;S;R;fot'2 

! iE{Sduaiiitl86l,Oct.lO)... 

i i :eF;S;R 

! 3 d' F; p.S; R 

' 1 vFipStiF 

1 3 vF; vS, R; vsmbM*10; ittl2 
! ! 24r'*4;23\ 

I 1 eF; ^tl2,45".325“ 

I 1 eF;vS 

; 1 ;eF; L; vgvlb.M; L*coiit, f ... 
j A ntbula (Markree Cat.1852, 
I ‘ j Oct. 22). 

I 1 'vF; S; E .; 

I 1 ,eF,S;R;bM 

; 3 ,vB; vL; vmiE; tri-N 

; i::eL;eF:ciitf 


3-065 ■ 1 ; 97 5 46-8 
3-112 1 60 42 9*1 ' 

... GO 42 : 

3-106 i I I 68 24 45-7 . 

3-107 : 1 i 68 19 15-7 ; 


20*04 I 1 !F;S;R;sbM 

I 1 

20-04 I 1 VF; S; iR; psvlbM 

20-03 1 ;cF; L; 3or4st + neb 

|Nos. 32...37iih:! 

'20-01 1 'F;S;R;psbM 

20-01 1 lE; bi-N; 3Bstnear 

J Several F, S (3 novae at ] 


2-968 i 2 : 139 24 41*7 '[ 

2-967 , 2 ! 139 26 13-7 i 

2-967 ' 2 ; 139 26 36*7 I 

2- 966 I 2 ' 139 24 21-7 j 

3- ^8 i 1 ! 80 17 48-7 i 

3-124 1 61 1 29*7 i 

2*970 1 136 3 13*0 

3*004 2 123 19 22*3 

8-266 1 29 26 39*3 

2*721 4 162 61 33*3 

3*134 2 61 33 49*6 

3*117 [1] 68 68 20 

3-411 1 19 23 2*6 

2-989 2 124 27 21*9 

2-877 2 147 45 22*9 j 

2-685 1 ,162 18 23*9 i 

3*123 2 1 87 56 3*2 | 


j f Several F, S (3 novae at I [ 
■■■ \\ least presumed). 

2 eF; S: R;gbM; lstof4 | 

. 2 IeF; vS; R; 2nd of 4 j 

I 2 IvF; S; R;gbM;3rdof4 ...i 

1 2 1F; S; R; gbM; 4tb oF4 

1 F;pL;R;gbM 

1 F;vS;K;gbM 

1 vF;pS;R;bM;r 

2 pB;pL;lE;*14,f 

1 Cl;pSipC;stll...l8 

4 0; ! I; vB; vL; vmCM 

g pF; pL; R; pslbM 

[1] vF; S; 3 St near, making 
quadr. 

1 Cl;pR;lC;5t9...12 

2 vF; pL; IE; D*2',np 

2 pB;S;R;mbM 

1 pB;pS;lE;vgbM..... 

2 vF; S; bM; Dtvnr; pof2... 

... Nodescr(MS) 
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. 0 . 

References to 

j Annual 

Right Precession 

No. 

of 

Ohs. 

used. 

North Polar 

Annual \ i 

Preeeesiou' No i 
in i of i 

Summarr Description from a 

Total 
No. of 
times 

of 

Cafe- 

logufi. 

Sir J.IL's SirW. H.’s 
Catalogues ' Classes 
of Nebulfc. ' and Ros. 

Other 

Authorities. 

I for * Right 

i 1800, Jan. 0. Ascension 
; for 1880, 

i for 1 

1 1800, Jan. 0. ! 

N.P.D. Ofo : 

1 for j used. I 

i 1880. 1 1 

Observ'atioEs, Remarks. &e. 

ofObs. 
by h. 
md H. 


61 ! 

62i 

63; 

64' 

65 

66 ' 

"i 

€ 8 ' 

69 


76 

78 

79 

80 
81 
82 

83 

84 

85 
8(1 

87 

88 

89 

90 

91 

92 

93' 

94 

95 

96 

97 

98 

99 
100 
101 
102 , 

I 103! 

104 

105 
106 ' 

107 

108 
109! 
no 
111 ' 
112 
113 
114i 

|5058' 

115; 


h. 

II. 

1 h m s 

23, i 


R. nova 1 0 22 0-7 ■ 

25 

II. 854 

' 0 22 4-7 

24 

VIII. 79 

i 0 22 6-2 

23,0 


R.nova 0 22 8-7 



1 0 22 42-6 

26 

II. 855 

' 0 23 0-2 

2327 


! 0 23 27-6 

VI. 35 

0 23 48-3 


II. 471 

0 24 3-5 

27=1 

1 0 24 38-0 ' 

2328 j 
28 


0 25 12-7 

29 


0 25 ;io-6 

2329 


0 26 22-3 

[30=1 

11.478 

0 26 57-8 

2330 J 



^2331 


0 27 3-7 

3] 

, IIJ.467 

i ■ 0 27 14-0 

2332 


0 28 2-9 


n. 3 

0 28 3J-5 

32 

III. 476 

0 2b 43-0 

32, a 


i R. nova 0 28 


' 111.954 

; 0 29 20-1 



' 1 V Arrest, :i 0 29 33 , 


III. 223 + 

0 29 41-2 

.33 

111.871 

1 0 30 1-5 

2333 


1 ' 0 .30 2-4 

2334 

'in. 223 

i 0 30 20-6 

2335 


’ 0 .30 21-5 


! 111.876 

i 0 30 46-6 


HI. 870 

0 31 0-5 

3.) 

: iL 707 

0 31 11-4 



1 I)' Arrest. 4 0 31 15 

31 


1 0 31 40-6 


+ 3-123 
3-077 
3-302 
3-123 

2- 979 

3- 076 

2-976 


1 87 54 8-5 ; 

i 87 54 38-5 i 

j 30 33 4-5 ; 

: 87 54 8-5 i 

jl24 2 2-5 : 
i 88 41 12-5 ; 

i 124 1 45-8 I 


3-232 I 1 

3-096 1 1 
3-057 I 2 

3-367 i 1 
3-243 1 

2- 971 1 1 

3- 042 I 2 

2- 513 1 

3- 033 1 

2- ><lS 2 

3- 044 » 

3-147 , 1 

3-039 1 

3-15 [i; 

3-008 1 

3-0:6 : 2 


29 16 
bO 34 


95 55 33-1 

27 29 19*4 

42 16 32-4 
122 33 57-7 


2-968 i 
3 004 ! 

2- 446 . 

3- 098 'i 

3-079 ; 
3-278 , 
3-08 , 

151 

3-407 

3-081 


,163 53 11-0 „ 
103 25 59-0 ' 
146 33 23-3 
> 99 32 4-3 ; 

! 66 48 49-3 
. 66 48 ! 

100 51 4-6 

i 66 46 18 : 

: 109 44 5-6 
88 48 44*9 : 

3 120 14 30-9 ' 

1 ,110 42 9-9 

2 163 oG 28-9 

1 ' 82 6 6-2 ' 

1 ' 88 1 7-2 

1 ■ 42 26 0-2 

r2_ 87 36 6 

1 5 26 27*6 

1 ’ 29 42 31-5 


87 


3/ 

38 

n 

479 


0 

31 

5;v4 ' 

3-039 1 

1 

99 

46 

25- 5 

39 

in 

872 


0 

32 

2-3 

3-072 

5 

89 

54 

28-5 

n 



0 

32 

4-5 

3-079 ; 

1 

87 

57 

7-5 

40 

n 

856 


0 

32 

5*6 

3-080 

1 

87 

42 

54-8 

40, rt 



K. nova , 

0 

32 




vS7 

42 


41 

42 

n 

595 


0 

32 

6-8 

3-072 

1 

89 

51 

23-8 

I 

860 


0 

32 

14-4 

3-Obl 

1;: 

87 

2/ 

48 

43 

11 

873 


0 

32 

21-4 

3-072 

2 

89 

55 

7-8 



D’Arrest. 5 

0 

32 

22 

3-08 

ri'i 

87 

37 

24 


I 

858 


0 

32 

22‘.i 

3-079 

1 

87 

52 

7-8 

44 


18 

C.H. 

0 

32 

45-4 

3-243 

1 

49 

4 

4+8 

45 : 


36 


0 

32 

47-8' 

3-237 

1 

50 

1 

34-8 

46 

I 

452 


0 

33 

32-4 i 

3-020 1 

3 

104 

38 

20-1 

46, a 



R. nova i 

0 

33 

32 ! 



;i04 

38 



11 

,200 


; 0 

33 

48-8' 

3-129 

! '2 

! 74 

17 

8-4 

2236 




1 0 

33 

49-9: 

2-763 

i 2 

' 146 

56 

14-4 

47 

1 

209 


0 

34 

.5-4 1 

3-166 

! 1 

65 

16 

6-4 

2337 




1 0 

34 

25-7 i 

2-757 

2 

146 

58 

27-7 

49 

II 

.m 


0 

34 

28-9! 

! 2-990 

1 

|lll 

48 

59-7 

48 

I 

,480 


0 

34 

30-2 

3-033 

1 

ilOO 

47 

1-7 




0 

35 

1-0 i 



89 50 

6-6 

2338 

...... 


0 

35 

2-1 

+ 2-344 

3 

164 

9 

52-7 


-19*95 ■ 
19-95 ' 
19-95 ‘ 
19-95 ' 
19-95 

19-95 

19-94 

19-94 ! 
19-94 

19-93 , 
19-92 

19-92 : 
19-91 ; 


100 28 30-7 ' 19*91 


19-90 

19-90 

19-89 

19-89 

19-89 

19-88 

19-87 

19-88 

19-87 

19-87 

19-87 

19-87 

19-86 

19-86 

19-s6 

19-80 

19-84 


1 


i 1 
1 


No descr (MS) I 0 

pB; vS;lE,0H;hM;fof2i 3 
;Cl;vL;pR;lC;st9...13 ..J 2 

Nodescr(MS) j 0 

F; pL; pmE; vgbni; p of2.... 2 

pF; cL; R; vglbm; r 6 

vB; L; vmE, 47'‘5 ; p&bM, 2t ' 
' fof2; *10 327"-9 45 '. 

1 0;vF’;S;eC 

1 F;iF;lbM 

fF; pL; vlE; vgbM;) 

^ :l *8-9, 75"+; 5'. J 
1 Cl;pL;iC;5tll...l2;D*.. 

1 vF'; vL; iR; g, smbM*ll 

1 vB; S; IE 90+ smbM*ll ...| 

2 IpF; pL; IE 90^; vglbM ; 

1 vF;L;R;vglbM | 

1 eF;vS;R , 

2 vF;pS; R;glb-M;3stf ! 

2 F;L; mE; bet2.B4 ....i 

1 vF; vS; stellar; *7* 15°, 5' ...| 

Makes Dneb with ii. 32 

1 eeF; S i 

ni F:pL;R;*6, 3'idist ; 

"1 vF;pL;iE;2pBstsf ! 

2 vF; S: R; vgbM; *11 j 

225°+; 80". i 

3 pF; S: vIF;,; amBst i 

1 pB; pL; E; gbM; r ! 

2 eF; S; vlE; r; *8 near | 

1 vF; pL; ill; *npiiiv j 

1 \F;S; ill; VgbM ! 

1 pB; vL; iR; ^giiibM; r i 

72] F; S; R; IbM ! 

U; vL; R; 150...200stl0...1 


4-5 


19-84 
19-8 4 
19-84 
19-84 
19-84 
19-84 
19-84 
19-83 


19-82 

19-82 

19-S2 

19-81 

19-81 

19-81 


- 19-81 i 


•■pB; pS; 11; VgbM; 2!ia of 3 

vF;cL; E; vglbM:fof3 ...; 

[1] F; vS; *8, p irl. Is | 

i pB; S; VgbM 

1 vB ; vL; inF. iGo^ ; vgvmb.M . 

1 vF;vL;mFi0’ 

3 B; pS; R;psbM;r; *90'± j 

... 

2 F ; S ; bet 2 S-'t 

2 vF;S;R:pof2 

2 :oF:pS:gvlbM; r 

0 'F - S' R; amst; f ol 2 

; !eF;vS;'E0=...90° 

1 IF: H;iE90;+;glbM 

'See No. o058. 1 

3 F'; iR; VgbM; 1st of several 


19-85 1 

• 18. 1 

1 Cl;pL;R;stll...l5 1 

i 

1 

19-85 

1 vF; L; p of 2; St 15 close 

1 

19-^5 

1 pB; pL; iE 0' + 

3 

19-85 i 

5 F; ]iS; jonE; bM; 1st ol 3.... 

6 

19-85 ; 

1 F: 8; VgbM i 

1 i 

19-84 1 

1 pB:8;R;vgbM 

1 2 

(?=h. 37 or n. 857) 

! 0 i 



48 


SIE J. F. W. HEBSCHEL’S CATALOGUE 


No. 


Beferences to 

Right 

Ascension 

for 

1800, Jan. 0. 

Annual 

Precession 

of 

Obs. 

used 

North Polar 
Distance 
for 

1860, Jan. 0. 

Annual 

Precession 

No. 

of 

Obs. 

used. 

Suintnarv Description from a 

Total 
No, of 

of 

Cata- 

logue. 

Sir J. H.’s 
Catalogues 
of Nebul®. 

Sir W. H.’sj 

Clares 1 Authorities, 
and JN os, | 

in 

Right 
Ascension 
for 1880. 

N.P.D. 

for 

1880. 

Comparison of ali tlie 
Observations, Remarks, Ac. 

of Obs. 
byh, 
and H. 

116 

h. 

50 

H. 

1 M. 31 

h m 8 

0 35 3*9 

-f 3*252 

1 

49 29 45*7 

-19*81 

1 

nileeB; eL; vraE; (An-1 
< drom. Gt. Neb.) Bifid > 

13t 

117 

51 

i M, 32 

0 35 5*3 

3*250 

1 

49 54 12-7 

19*81 

1 

1 (Bond) J 

! vvB; L; R; psmbMN 

8t 

118 

2339 

j 

i 

0 35 5*4 

0 35 6 

2*338 

1 

t64 14 1*7 

19*81 

19*81 

1 


1 

119 

1 fD’ Arrest© 

k 6- > 

1 3*07 

i 

[3]; 89 55 0 

[3];vF;pL;H(Bond,Jan.l853) 

0* 

120 

i 5. 

. LAuw.xV.4 j 
yill.78 : C.H. 

i 0 35 19*2 

! 3*457 

1 

28 58 43*0 

19*80 

1 

C!;L;IC;st9...10 

3 

121 

1 53 

■ 1 

: 0 35 24*0 

i 3*204 

1 

58 10 55*0 

19*80 

1 

eF: S;R; #13,20" 180=^ ... 

1 

122 


IL 444 ' 

i 0 35 33*8 

3*064 

1 

92 18 11*0 

; 19*80 

1 

F;pL;lbM.... 

i train of st and neb 

1 

123 

1 2340 

1 1 A. 2?? 

; 0 35 50*6 

2*329 

i 

l64 7 l6*6 

1 19*78 

1 

1 

124 

! '' 

III. 149 . ... 

i 0 36 5*2 

3*196 

.3*124 

V> 

60 10 58*3 

; 19-79 
: 19-79 

2 

F;vS:K;lbM 

3 

125 

IL245 ! 

' 0 36 10*9 

4 

76 27 54*3 

4 

F;pS;ilE;bM 

eF; pi ; R ; gvlbM 

i 4 

126 

2341 

i 

0 36 53*3 

2*803 

1 

140 56 42*6 

i 19-78 

1 

1 

127 

128 

2342 

2343 

■ ! 

0 38 13*4 2*278 

0 38 18*6, 2*275 

1 

164 11 39*2 
164 12 17*2 

! 19*76 

; 19*76 

1 

vF; R 

1 


3 

3 

vF; S: bi-N 

3 

129 

55 

HI. 485 i 

0 38 45*1 

3*005 

1 

106 20 58*5 

: 19*75 

1 

vF; S;iR;r;#10, 6's 

' 3 


56 

57 
5344 
2346 


IL 445 
! y. 25 
! V. 20 


Zi. 19? 21? 


0 39 3-7 ' 
0 40 1-4; 
0 40 4*2' 
0 40 13*4 i 
0 40 17-9 


3*063 i 
3*019 
2*979 : 
2*240 ' 


92 29 13*5 
102 38 24*1 
111 30 57*1 
164 8 36*1 
163 51 M 


13.5! 

58 ,111.204? 

0 40 22*9 

3*154 

(2) 71 9 48*1 

136 ‘ 

59 

11.609 ' 

0 40 32*9 

3*195 

5 63 8 35*1 

1371 

59, 


R. nova 

0 40 



... 63 8 ; 

138; 

f6l = l 
(2345 j 

V. 1 '' 

C.H. 

0 40 37*6, 

2*954 

1 

3 116 3 40*4 ' 

139* 

60 " 


0 40 .39*3 

3*195 

1 ■ 63 8 14*4 ! 

140! 

2347 

' 

0 40 40*7 

2*920 

3 122 11 28-4 

141 ! 

62 

11. 472 ' 

0 40 43*5 

3*020 

1 102 14 39*4 : 

142i 

2348 


0 40 44*3, 

2*223 

4 164 16 44*4 

143' 


II. 863 ' 

0 40 47*1 

3*105 

1 , 82 27 14*4 

144, 

63 


0 40 5.5*7 : 

3*057 

1 ! 93 37 22*4 , 


r 

11.703 

1 ! 


1 

145 i 

64<; 

= 

> ; 0 40 56*1 , 

3*058 

1 93 32 40*4 


\ 

11.621 

J ' •! 



146 

2349 


A. 3, 4, 21? 

0 41 23*8 i 

2*233 

3 , 163 52 6*7 

147 

2350 


0 41 41*6: 

2*872 

1 129 0 20*7 

148 

2351 



2*198 

4 • 164 15 4*0 

149 

60 

IIM53 


0 42 13*6* 

3*226 

4 ■ 58 29 23*0 

150 

2352 

! 

0 42 49*8 i 

2-195 

1 ; 164 2 37*3 

151 i 

66 

III. 463 

0 43 1*3 

3*046 ; 

2 95 57 59-3 i 

152; 

23,53 


0 43 20*8 ; 

2*169 i 

1 , 164 18 1*6 1 

' 153 

1 68 ' 

III. 955 

0 43 28*7 ' 

3*030 

(1) ’ 99 25 39-6 i 

;i54l 

1 67 , 

11.446 ' 

0 43 34*3 

3*061 

1 1 92 39 59*6 ! 

;155 


III. 430 ; 

0 43 47*0 : 

3*038 

1 j 97 39 17-9 ! 

: 156! 

1 69 

III. 429 


0 43 56*8 : 

3*037 

1 j 97 49 22*9 i 

1157 

: 70 


0 43 59*1 i 

3*037 

1 ; 97 49 2*9 : 

; 158 

71 

1. 1.59 ; 

0 44 10*21 

3*352 

1 i 43 12 15*9 1 

159 

73 

III. 439 ! 

0 44 59*5 i 

3*059 

2 1 92 59 10*5 ! 

160 

73 

111.177; 

0 45 0*31 

3*189 i 

] : 66 25 23*5 1 

, 161 1 

75 

1 

0 45 52*1 1 

3*241 i 

1 1 58 16 59*8 1 

, 162! 

{gr,} 

VI. 20 


0 45 52*1 j 

2*932 

2 |ll7 20 41*8 1 

163 

2355 



0 45 57*6! 

2*903 

3 ! 121 57 53*1 

1 164 

; 2357 



0 46 16*9! 

2*135 

1 : 163 54 48-1 1 

' 165 

2356 



0 46 33*5 i 

2*115 

2 1 164. 6 33*1 1 

j 166 

2358 


A. 5, 6? 

0 47 14*8 i 

2*102 

1 ! 164 8 28*7 i 

he; 


II. 214 


0 47 51*91-1- 3*242 

1 : 59 11 21*0 i 


19*75 
19-73 
19*73 
10*73 
19*73 
19*73 
19*73 ; 


19*72 

39*72 

19*72 

19*72 

19*72 

19*72 

19*72 


1 F; pi> ; iF ; er 

2 vF; L; 4st in dirt' n 

1 F; vL; vinE 172’ 

2 F; S; E nr bi-X; vglbM 

3 F;pL:\lE;r 

1 vF: S; K; IbM; 2vS'itf; #iii\ 
5 pB; S; H; pmlAl; r; * p ... 
... 'Olio, of K.s nova:; the otinr 

i =h. 60. ^ ■ 

„ fll; vvB; vvL; vmE\ 
I 54 '*5 gbM ; 4>t. J 
1 pF;H;b.M 

3 vB;pS:lE;smbM;#8, 5'iit 

1 F.-p.S;R;ghM 

4 F*. S; R; gliM; *9, 40 nf... 

1 pL;lE;gbM;r 

1 vF; A 2st tV neb 


0*t; 

3 i 


19*72; 1 'F;S;E 135''i;lbM ' 3+ 


19*71 
19*71 
19*70 
19*70 
19*69 
19*69 
19*68 ' 1 
19-68 2 
19*68 1 

19*67 ' 1 
19*67 1 

19*67 1 

19*67 i 1 
19*65 i 2 
19*65 I 1 
19*64 ' 

19*64 

19-63 
19*63 
19*63 
19*61 
-19*60 i 


F;pL:R;gbM#13 3 

F; S; 15 ; v.svDibM#13 t 

F;pS;R * 4 

pB;p.S;lE;psbM;r;*S:,t4',; 5 

:Cl;F:pL;stvS 1 

vF;pS;ilE;r i 4 

vF;S; R i 1 

pF;vS:iR;pgbM ! 3 

ipF; S;lE;psbM; *8f5^*6...i 3 

;vF;vS ....| 1 

ipB; pS: smbM; sp of Dneb 3 

;vF; S; R;nfofDneb | 2 

icB; pL; K ; 2stl0nr ; 4 

vF; S;iR;bM; stellar ...... i 4 

eF; S; R; #15, f30'^ i 3 

|eF;S;R.... | 1 

'©;B;L;lE;s£12...l6 

jvB; L; pmE; glbM; #nnp 

;eF 

Cl; F;eeL; R;stl2...18 .. 

:vF; pL; R; vglbM; r 

;F; E; aB#f, vnr 



or KEBTJL.r: AND CLESTERS OF STARS. 
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of 

Cata- 

logue. 

Sir J. H.’s 
Catalogues 
of Nobulic 

8irW. H.’ 
Classes 
and Kotf. 


h. 

H. 

168 

2360 


169 

2359 


1 170 

7fi 


! 171 

2.361 


; 172 

77 


i 173 

78 


1 174 

2363 


1 175 

2.362 


; 176 

79 

11.210 

1 177 
5059 

} 79, r/, 


178 

4007 


179 

4008 


180 

2.36.a 


ISl 

2364 


182 

2.366 


183 

2367 


184 

2.368 


IS.i 

80 

11.433 

186 

2369 


; 18; 

2370 ; 


' m 

2371 


' 189 

81 

in. 191 

190 

82 

11. 434 

191 

2372 ' 


' 192 

2.374 1 


! 193 

1 

2375 j 


1 

1 194 

2373 1 


■ 195 

83 : 


i 196 

4012 1 


: 197' 



i 198' 

2376 1 


j 1.99 



I 200 

2.378 ! 


201 

2377 ! 


; 202 

84 1 

n.2i5 

1 203 

85 ■ 

11. 216 

' 204 


VIII. 64 

1 205' 

86, 0 


j 206: 

86 ; 

11 217 


Annual j j | Annual 

Right Precession No. j North Polar j Precession 

Ascension in | of } Distance | m 

for Eight I Obs. | for ! N.P.D. 

! ISGO, Jan. 0. ; Ascension juscd. , 1860, Jan. 0. j for 

1 I for 18«0. I , I 1880. 


Summary Description from a 
Comparison of all the 
Observations, Remarks, Ac. 


D' Arrest, 7 
A. 31 r? 
D' Arrest, 8 
A. 8G ?? 


0 50 29*3 
0 50 36-2 ' 
0 50 36*7 
0 50 40-4 
0 50 51*5 
0 51 27-2 
0 52 I0'.v 
0 52 46-1 : 

0 53 13-3' 
, 0 54 19*9; 

J 0 54 45-4. 

0 55 5*2 ' 

. 0 56 16'4 ' 
0 .17 26-8 
0 57 2.S*7 
' 0 57 28*8 


! D' A n est. 10 
I K. nova ! 
i R. nova I 
I Auw. N. 9 i 


i 1 0 43-4 : 

D’Arrest, 11 i 1 0 45 | 


j D’ Arrest, 12 1 

1 


; 1G2 57 22*3 : 
128 27 8-3 
78 40 51-6 
,163 0 0*9 

■ 92 31 27‘9 ! 

60 28 21-2 i 

143 22 6-2 i 
122 43 13-2 i 
, 60 24 25-2 ' 


1 134 35 56*5 ! 

1 , 134 30 1-5 ■ 

2 143 43 58*5 

1 131 12 36*5 , 

1 143 39 58'S : 

5 163 13 35-1 

2 125 53 21*4 , 

... ' 98 19 51-0 

1 1 165 12 27*0 

5 1 62 56 9*2 

2 143 59 49-6 , 

2 , 94 59 49-5 , 

1 97 5 49-1 

1 156 21 30*0 

2 ,162 22 33-0 . 

3 : l6l 35 59*0 , 


2’S28 2 . 

2 700 1 , 

2- 745 1 , 

3- 28 [1], 

1*969 5 : 

3*29 '!]: 

1*904 2 ; 

2- 864 ] ; 

3- 289 3 ■ 

3-289 3 ; 

3-703 1 ! 

3-289 ' : 
3-289 3 ; 

3-29 rS]; 


,125 53 4C-0 
I 28 34 5-0 
,134 1 50-3 : 

58 20 18 : 

; 162 48 27*9 
, 57 57 18 
; 163 34 23-2 ■ 
120 55 53-2 
■ 58 14 9*2 
; 58 16 41-2 

! 29 9 36-2 

; 58 20 48-2 : 

; 58 20 lG-2 i 

; 58 26 0 ' 


11.219! I 


' 3-29 j[3l: 58 25 18 i 

, 3-288 I 58 23 20-2 

' 3-288 ! ... i 58 27 lG-2 ' 

i 3-071 ! ... 89 48 55-8 I 

3-299 1 i 57 37 10-1 

i I 59 37 i 

: 3-361 2 ; 51 5 25-1 j 

I 3-30 [Ij, 57 36 18 I 

I 1-940 1 I 162 44 38-1 

j 3-30 [l]j 57 59 48 

3-326 2 i 55 2 13-7 

I 2-679 1 i 137 25 34-0 

i 2-041 1 1 160 37 28-3 

I 3-306 (I)i 57 34 0-3 
j +3-306 j (1) | 57 34 0-3 - 


I , 4 ,pB; vS; R; pnlbM; r ' 

I 4 !pB: vL; vmiE; vgpiiibM ...' 

I : 1 iCl; S; scst ' 

' I F; vS i 

' . 1 |pF;S;E ; 

> 2 |pF;vS;R;gbM | 

i , 2 ;F; S;R;*12f90^ 

i . 2 jeF; vS; R ; pE# ( 2 ' ! 

I 3 ]pB;pL;R;gbM;#9. 3 135^ 
i/F: S; R(sorLor(!R.).\' 

' I "■ i I Fori, see No. 5059. J ' 

i , 1 ;eF; vS; R; IbM 

i I 1 IvF; vS; R; Ib.M; 3stp 

i 2 !pF; 8; R; bM; p ot 2 

i 1 ;(?)F; S; stellar 

S ; 1 vF; IE; vgbM; 1 of 2 

! 5 :©; vB; S;IE;st 13... 15 ...! 

: ! 2 ,vF;S;R;glbM;LMlls ' 

I ' ... !>F;L;E0'+; gibM; #10, 
f20‘>-5. : 

I I F;L; R; vgbM 

I 5 B; L; viF; tnbMD#; r 

; , 2 tF'; S; R ! 

2 pF; S; iE; *8197' i 

3 F; S; iR; .shM; *14nf 20 ''..,' 

; 1 eF;^'mE 145'-4; vlliM 

2 vvF; pL; vlE; vgbM ' 

3 ©; vB; vL; vC; vmb.M; st^ 

13... 14. I 

2 F; S: R;glb-M 

1 :Cl, S ; 

1 eF; vS; *7*8sp3' 

[ 1 ] vF: *13. slo''; nidiff ’ 

5 Cl;F;L;R;pC;scl4...l6.: 

' ... F; S; bet 2 St 15 ; 

2 ©:B;S;R ' 

1 vF;S;R;gb-M , 

3 pF; S; R: b.M; lstof3 ; 

3 pF; S; R;sbM; 2 nd of3 ...I 

1 CI-, pC 

... , 7 ' in Lord K.'s diagram 

3 ,pF; pL; R ; gbM ; 3rd of 3... 
'*3] poi Diieb; vF; pS; 

: fA.R.A.=o 1 : 

i lA.P.D.=:93"i ! 

; [3] vF;R;pS:fofDneb « 

i ' ... J in Eord K.’s diagram | 

... § in Lonl R.’s diagram 

[ ; ... F nebula (Bond, .Jan. 1853) .1 
I 1 F; vS; R; inbM; l>et2.'i; ...| 

; ... 'makes a D neb with h. 87 
I 2 :F;vS; v!E;gbAJ;4Sstnr ...i 

I [ 1 ],F: S; pus from h. 87=40'';j 

' dist 47 ". j 

1 , 1 vF; pL; R;glbM ! 

[1] vF, S; R; *I0fl-^-8, s80" ...j 
; 2 'pB;cL;R:gbM:/3Awfim«.nr 

1 eS; stellar; =*7m ! 

i 1 F:vL:R;vglbM ....j 

' (1) eS; F; P of D neb ..j 

i (1) pL; f of D neb 1 


MDCCCLXIV. 


H 
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^ SIR J. R. W. HERSCHEL’S CATALOGUE 


i i I Annual j : 

I t Eeferen«;s to | Eight ; Precession ; Eo. : 

I j j^^eension : in I of j 

ICata- Sir J. H;s SirW.H.’s j gther I lor ! i I 

I Wue. Catalogues Classes Authorities. 1 IS©), Jan. 0. Ascension .used. i 
! of Nebula). , and Nos. ' ^ * for ld80. > 


Annual ! 

North Polar Prec««ion ! No 


Distance 

for 

18(50, Jan. 0. 



h. 1 

H. j 

1223’ 

2382 1 


'224 

2384 


I225 

2383 ' 



1226 

2386 


1 227 

2385 


■228 

2387 


i229 

90 

III. 15 

: 230 


III. 15^ 

231 ' 

[162] : 


‘232 

2388 ! 


; 233 

2389 


234 

91 

III. 592 

235 

91,0- 


236 

2390 


237 

92 

III. 593 

; 238 - 

j 

II. 622 

239 

93 : 

11.447 

240 

95 ‘ 



i241 

2391 ; 


1 942 

94 


; 248 

2392 



244 


VII. 45 

'245 

2393 , 


|246 

2394 ; 


,•247 

2396 


i248 

2395 ’ 


'249 


i 

250 


1 

■251 

96, a 

! 

252 

96 

i 

'253 

2397 , 


,254 


III. 440 

i255 

2399 :• 

j 

256' 

97 

VII. 42 1 

257 

2401 ■ 


;258 


III. 205 ^ 

.259 

2402 

' 

•260 

2400 


‘261 

2404 ! 


262 

2403 


2G3 

99 

111.250 

1 264 


: 1.108 

1 265 

98 ■ 


266 


, 1 

267 


^ 111.206 

268, 

100 

HI- 577 , 

269 


ill. 251 , 

270 

101 


'271 

2405 


272 

102 

ill. 156 1 

• 273 

2406 


274 



275 

103,« 


27c 

103 

III. 252 

,277 

103,6 


:278 


, III 157 

;279, 

2407 

i 1 

1280; 

103, c 

' 1 

|281 ' 

105 

III. 594 1 

i 282 

104 

! 


I 3 9-3 
1 3 27*6 
I 1 3 37*2 

I 1 3 39-2; 
; 1 3 57-5 

i 1 4 42 

j 1 4 25*7 ‘ 
I 1 4 26-1 

I 1 4 28-3 ' 
; 1 4 41*6 

1 4 57*6 
1 0 41-2 
1 5 

1 5 43*8 
i 5 46*4 
1 5 49-3 


1 10 34-8 

A. GO? 1 10 40*8 

1 10 41*4 

A. 8, 10 ? 1 10 48'G 

1 10 d4'4 

A. 9 ? Ill 42*3 

, 1 11 43-3 

; 1 11 56-C 

i 1 13 3*0 

I 1 12 2*9 

D'Anest, 15 I 12 41 

; 1 12 41*2 

i 1 13 19*9. 

! 1 13 21'4 

1 13 47*2 

, 1 14 3-5 

1 14 G-0 

1 14 7*3 

D’ArreA, l6 1 14 29 ; 
R. nova , 1 14 29 ' 

• 1 14 31*2 

R. nova 114 4G'4 ; 

1 14 51*3 

1 14 53*3 j 

R. nova 1 14 57*1 . 

! 1 14 59*5: 

! 1 15 4*4 


32 24 35*3 
162 17 13*6 i 

73 4 51*6 , 
1G4 2 41*6 
124 G 11*0 ; 
164 4 3G*5 ; 
149 38 46*5 

87 25 16*5 I 

87 30 53*5 : 

58 1 55*5 : 

I 5<S 2 0 ! 

74 14 55*1 , 

50 14 18*7 

: ^ 87 22 9*7 J 

83 43 2 I 

131 42 52*3 i 
: 57 17 30-3 ! 
149 15 33*3 ; 
I 81 31 48 i 

B5 24 26*6 : 

; 85 28 25*6 I 

! 85 21 47*6 

: 57 15 28*9 i 

' 124 48 15*9 i 

' 85 18 37*6 I 

■ 89 47 7*2 j 

! 57 33 18*2 1 


’recession | No. Smnraary Description from a ^ 
V Comparison of all the | 

N.P.D. jObs. observatious, Remarks, &c. Pf 0^* 
for lused. i by h. 

1880. i land 11. 


1 eF; S; R; vSdf nr i 

1 IrFtpL; RtgvlbM i 

2 ivFiSjRiglbM 

4 If-, pS;R;gbM ; 

3 !F; pL; R; vglbM; p ol 2 ... 

1 ! ; 

1 :F;pS;R;bM | 

l::eF; vS.. 

1 vF 

2 eF; S;E;glbM; rof2 : 

1 |vF;S;R;glbM ; 

1 !vF; vS; R ■ 

... Forms a A with h. 91 & 92... 

2 2vSst + Fneb 

1 eF; eS 

1 F;L:Il;bM;er 

1 ,F; vS; K; vshM^it 

1 F;S;vsb.\l 

1 F; S; R;gbM: S(jl2f 

1 CltSiiC 

2 B;S;R;psbM 

2 ,Cl;S;iF;pC 

2 pF;S;R;glbM 

2 pB;.S;Il;gbM 

2 F;vS;R 

2 pF; S; K:gbM 

[J] F; S; K; ^^15 p, SSI, 270= ... 

[2] F; pL; bM; 4ifil nr 

... vF; niEl33‘'+ ; IbM; iJph.!)G 

1 vF; E; ^ie9(tp; viir 

I vF;S;R; bM 

1 V'F; vL 

4 pF; pL; iR; r; 1st of sev. 

I neb and st. 

1 Cl; B; L;pR;st7, 8. 10 ... 

2 pF;L;R;vgl.M 

1 eF 

4 F; pL; iR : gb.M ; v; 2ndofsev. 
1 pB;R:glbM;? RAnP.D.... 

1 pB ; pL; iF: 3ni of sev 

I :vF;R;gbM;30 

1 pB ; pL ; R ; gmbM ; p of 2. . . 

1 cB; vL; iR; pB*f 

1 a'F; eS; stellar 

[2] eF; vS; -ijt9pl4^; vdifBc ‘ 

i eF; S 

1 vF; pS; vlK; vglb.M 

3: pB; S; snibM; 1’ of 2 

1 cF; pL; R; red^7'8, 225'^.,. 

1 ;eF;iE 

1 :: vF; eS; 1st of 3 ; 

2 !vB; S; IE; psmbM i 

[l]'pB;S;E. I 

... 7 ill Lord R.’s diagram i 

2 pB; L; R; svmbM; *7f 1®... 

... ijiJ in Lord R.’s diagram : 

2 :vF;S;2fidof3 ’ 

2 'B; S; vlE; bM; vSffir ......I 

... 5 in Lord R.’s diagram I 

1 |vF;L;mE60=±;lbM i 

1 vF;E; Ss j 
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No. 


References to 

Sight 

Aunnal 

Precesuion 

No. 1 North Polar 

: Annual 
' Precession 


Total 
No. of 

of 

Cata- 

logue. 

Sir J. H.’s 
Catalogues 
of Nebula. 

SirW.H.’s 
CIas.ses 
and Noa 

Other 

Authontie.s. 

for 

1860, Jan. 0. 

Eight Obs. 1 for 

Ascension used. ' I860, Jan. 0. 
for 1880. i 

' N.PD. 

' for 
i 1880. 

Comparison of all the 
used’ ' Obi*rvations, Remarks, Ac. 

times 
of Obs. 
bv h. 
and H. 


h. 

H. 


h m B 




1 



\H,a 


R, 5 novae 

I 15 

+ 

... ' 57 33 

-18*95 

... 'Nodescr Nos. 283...287 incl 

0 

288 

106,/? 


R. nova 

1 15 

... i 57 16 

; 18*95 

... No description .... 

0 

289 

106 

Ili. 158 


1 15 19*6 

3*354 

2 57 16 46*5 

18*95 

2 .pB;pL; R; 3rd of 3 

4 

290 

103,// 


R. nova 

1 15 23*2 

3*107 

... 85 20 17*6 

. 18*95 

... ,£ in Lord R.’s diagram 

0 

291 




D’Arrest, 17 

1 15 3.5 

i 

3*35 

[3], 57 31 18 

. 

' 18*94 

1 

[3] 'vF; S; obs. with H.157, 158 
; ; 159, 160. 

0 

292 

107 



1 15 36-6 1 

3*352 

1: 57 36 31*8 

: 18*94 

, 1 No description 

1 

293 



D’Arrest, 18 

1 15 38 i 

3*13 

[ 2 I 1 81 41 6 

' 18*94 

r2] cB; S: R; bMN 

0 

294 

! 108 

1 HI. 159 


1 15 48*0 i 

3*354 

2 ' 57 28 37*8 

! 18*94 

2 vF; pL; R; bM; p of 2 ...... 

3 

295 

296 

109 
: no 

1 III. 160 


I 15 49*0 

1 16 7*8 

3*354 

3*362 

1 ' 57 26 52-8 

1 56 49 53*1 

' 18*94 

■ 18*93 

1 ■vF;S;fof2 

1 vE; vS 

2 

1 

297 

i 111 

i III. 169 


, 1 16 34*4 

3*.362 

1 56 56 28*4 

: 18*92 

: 1 F;S; stellar 

' 2 

298 

112 

1 ir.252 

1 

1 16 35-8 

; 3*169 

; 2 : 77 49 10*7 

18*91 

2 ,F;L;IE; vglbM; 

; 3-b 

299 

113 

; III. 167 j 


: 1 16 45-3 

' 3*360 

1 57 16 37*7 

' 18*91 

' 1 Stellar; p of 2 

' 2 

j300 


j ‘1 

D’Arrest, 19 

: 1 16 48 

: 3*14 

'[2]! 81 10 6 

! 18*91 

[2] ,eF;S;vdiffic;II51f4P .. 

0 

; 301 

114 

i m. 168 


1 16 48*8 

3*360 

1 ; 57 18 37*7 

: 18*91 

‘ 1 ipB; R; Stellar; f of 2 

' 2 

j302 

114,0 

t 

R. nova 

I 1 16 


; ... ! 57 18 


■ ... :S; R;bM 

0 


!303 116 !m.2»3 ,117 19*4; 3*097! 1 86 55 16*3! 18*89 1 F;cL;El35°+ 3t ! 

{304 115 I 11.461 I 11719*8: 3*078 ■; 2 89 0 21*3! 18*89 2 F;pL:R;gbM 5 

!305 ‘ I D’Arrest, 20 ’ 1 17 22 { 3*14 [2]: 80 44 24 18*89 [2] eF; pL; iF; ?a + Titb 0 

[306 • ! D’ Arrest, 21 1 I7 25 | 3*3/ [Iji 56 42 18 ! 18*89 D] D neb; vF; 90° pos , 0 i 

|307 117 I 1.151 1 1726*8' 3*142. 1 81 11 50*3 18*89 T vB; pL; mbM: 4S st nr ; 2 , 

1308 : ; D'Arrest, 22 ‘ 1 17 31 | 3*14 ‘[2'! 81 1 12 ; 18*88 ' [2] vF; vS; * 11*12 p 5" > 0 | 

'309 2408 : i ;1 1735*11 2*750 '".‘f 125 48 8*3' 18*89 i 3 F;S;lE;pof2 i 3 ’ 

\310 2409 ' [ 1 1737*5! 2*748! 3 ; 125 51 0*3 18*89' 3 F; S; IE; bM; f of 2 ! 3 ' 

;311 118 ' ! 1 17 44*5: 3*377! 1 ‘ 56 l 31*3' 18*89 I 1 pB; vS; sbM; pof2 ' 1* ! 

'312 118,0 ! R. nova ! 1 17 i ...... { ... 56 1 ' ... One of 4 neb nr h. 120 ! 0 ' 

;313 111.556; j 117 51*6' 3*140' 1 ! 8128 43*6 ' 18*88' 1 vF;pL;mEl5°+ i 1* 

'314 119 ; 117 51*6! 3*140 i(l)? 81 29 30*6' 18*88 1 N’ot vF; L: R ; b.\I I 2*' 

'315 121 : 11.462 i ' 1 18 19*5! 3*081 i 2 j 88 58 4*9 18*87 ' 2 pB ; pL ; R ; gmbM ' 3 , 

'316 2410 , i .1 18 22*9' 2*708' 2 '128.52 11*9 18*87 2 'eeF; S; R; vgbM; 1st of 4... 2 | 

317 120 ’ I :1 18 24*6; 3*379' 1 i 06 2 19 ' 18*87: 1 pB; pL; gbM; f of 2 1* i 

318' 120,0 1 R.nova {118 i ! ... ! 56 2 : ' ... ;One of 4, see L 118, 120 ... 0 ! 

!319, .111.170: ‘1 18 26*6! 3*373 1 1 : 56.39 5*2: 18*86; 1 Stellar i 1* , 

1320' 2411 j '118 51*2! 2*707: 2 A28 48 57*5 ! 18*85 2 eeF; S; R; vgbM; 2t)dof4... 2 { 

!32li 2412 I ! '} 18 52-4: 2*707 I 2 1 128 47 17-5 , 18*85: 2 eeF; S; R ; vgbM, 3rd of4...; 2 

I322! ' 11.448 ; ;! 5.5*2' 3*056! 1 i 92 3 54-.5 ; 18*85 1 Stellar; p of D neb j 1 ! 

.323 i j 11.449 1 ,1 18 55*2' 3*056 i 1 ' 92 3 54*5! 18*85 1 Stellar; f of D neb j 1 I 

324' 2413 ■ |1 19 6*8! 2*707! 1 128 44 40*8'; 18*84’ 1 ecF; S; R; vgbM: 4th of4.,.l 1 , 

325 III. 171 ! : 1 19 27*21 .3*383 1, 1 ' 56 4 7*1 ! 18*83 1 Stellar r. .! 1* ! 

326' 122 I 11.463 | I 1 19 33*1 I 3*083 j 2 ' 88 42 53*1 I 18*83 ' 2 F; S; E90°; bM ; r | 5 , 

327! 123 1111.560 |1 1942*9: 3*415' 1 i 53 32 28*1 ! 18*83' 1 vF; S; E; vglbM; iitl3 nr ...| 2 ^ 

328' '111.172 1 !l 19 56*5 3*371 ! 1 ‘ 57 I6 7*4! 18*82 1 vS; stellar; p of 2 1 1 

329' jlll. 173 11 1956*51 3*371! 1 ! 57 16 7*4! 18*82 1 SS; stellar; f of 2.... i 1 

.330 i 124 VH.48 ; 1 20 10*3' 3*969 ' I ! 27 25 54*7 : 18*81 1 Cl: B; pL; pRi: st mni | 2* : 

331. I D'Arrest, 23 ! 1 20 21 3*38 [1]! 56 25 18 ! 18*80 []]eF;pL;R i 0 , 

3321 ...... i III. 441 ! 1 20 34*8 3*051 i 1 , 92 40 8*0 ! 18*80. 1 vF; vS; iE; p of2 [ 1 ‘ 

333' i III. 442 I 1 20 39*9' 3*052' 1 I 92 37 8*0 i 18*80 1 vF; vS; IF; fof2 ...j 1 

334! 125 I 12110*0' 3*362' 1 1 58 23 57*6! 18*78, 1 vF; S; R 1 { 

335 1 2414 j 1 21 37*4. 2*726 1 ' 126 27 1*2 18*76. 1 'vF; S; R 1 

336 2415 j 1 22 20*5; 2*675 1 ! 130 2 23*8 18*74; 1 leF; S; att to S^is; B#nr 1 ; 

337 2416 1 22 43*51 2*723 1 1126 19 27*1 18*73’ 2 vS; Jpos 225°mr 3 j 

338 2417 1 23 15*2! 2*453 1 1 142 18 52*7 18*71 ! 1 ip; S; R; bM; am st 11 1 ; 

339 2418 1 23 43*9 2*864 1 |ll3 23 44*oi 18*70 ’ 1 ^B; L; pmE; gpmbM 1 

340 127 1 23 47*8 3*390 1 I 57 6 32*0 ! 18*70, 1 ;vF;pL:gbM 1 

341 126 S.131=M.103 1 23 59*8 3*916 > 2 1 30 2 9*3 18*69 2 :ci; B; R; Ri; pL; sti0...11 5 

342 128 1. 100 1 24 18*7 3*008 3 I 9/ 35 25*6 18*68: 3 'vB; pL; K ; mbM; p of 2 ... 4 , 

343 128, a R.nova 1 24 ! 97 35 | ... No description 0 | 

344 III. 431 1 24 22*2 3*008 (1)197 36 39*6 18*68 ! (i) eF; 8: f of 2 1 1 

345 129 1 24 33*4 3*059 1 ! 91 38 46*6 18*68: 1 vF; S; R; bM.. : 1 

346 130 1 g4 35.7 4. 3-008 1 | 97 36 47*9 I- 18-67 | 1 vF;vS;R { 1 

^2 
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SIR. J. F. W. HEESCHEL’S CATALOaUE 


No. 

of 

Cata- 


Sir J. H.’s [Sir W. H.’ 


jlogue.'. Catalogues [ Classes 


Other 

Authorities, 


j ' Aanual i j 

j ‘Eight ' Precession | No | 

~j Ascaision ' in i of | 

j for ‘ Eight I Obs. i 

' ] 860, Jan. 0. Aiscension ■ used, 
i for 1880. i j 


' h. 

H. 

i 2419 





132 

11. 4 

131 

V. 17 


11.473 


III. 432 

133 

III. 150 

; 2421 

r 

! 134 

1 

2423 


:r 1391 


< = > 

1.281 

^2422 J 


135 

m.174 

137 

IF 282 

136 


2424 



138 

III. 454 

2425 

1 

140 

III. 471 : 

2426 

j 

. 2427 

j 

141 


1 142 

j 

i 2428 

1 

143 

1 

2429 

1 

i 144 

11.283 ; 


VIE 49 i 

! 2430 

' 

2432 

! 

2431 

1 

2435 

! 

' 243.3 

1 

2434 

i 


i. 193 i 

^ 145 

VII. 46 j 

i 146 

i 

, [VIII. 65 ! 


TI.253 1 

147 

11.610 j 


VL 31 1 

! 148 

i 

i 

11.588 1 

; 149 

11.611 ; 

! 150 

1.157 i 



IL 589 1 

1 

1 

11.228 ' 

151 

IV. 42 1 

I 

III. 175 ' 



[ Annual 

1 


Total 

North Polar 
Distance 
for 

1860, Jan. 0. 

Precmion 
i in 

1 N.P.D. 
i for 

No. 

of 

Obs. 

Summary Description from a 
Comparison of all the 
Otservabons, Eemarks, &c. 

No. of 
times 
of Obs. 
byh. 

1 1880. 

. used.j 


and H. 


390 


393 ! 

394! 

395; 

396* 


399 

400 

401 


D’Arrest, 24 
D’Arrest, 25 
j D’Arrest, 26 


M. 33 


A. 17 ? 
R. nova 


h m 8 
1 24 40 
1 25 0 
1 25 28 ' 
1 25 53’4 
1 25 54-1 
1 25 56-3 

1 26 1-4 
1 26 15-0' 
1 26 17-0 ! 
1 26 24-6 
1 26 33*5 


+ 3*41 '[!]! 55 26 18 
3'35 :[2]! 60 5 0 
3*35 [2]! 60 5 0 

2’737 : 2 ,124 13 32-1 
3-006 ' 1 ! 97 44 13-1 
3-358 1 60 3 50-1 


2-960 
3-003 , 
3-361 
1-327 . 
3-355 ' 


; 102 53 18-1 
i 98 2 38-4 
; 59 57 47-4 
164 16 37-4 ’ 
60 31 53-9 


-18-66 

18-65 

18-64 

18-63 

18-63 

18-63 

18-63 

18-62 

18-62 

18-62 

18-61 


I 


[1] jVvF; S; ?rr 

[2J F ; M. 33, f65®; another f28® ..j 

[2] ;F; pL, f of2 

2 lF;S;R;bM 

1 fpB; R;bM;r; *6,f47®-5 

1 !; eB; eL; R;vRi;vgbMN;! 


'F;S;iF;er 

[eeF 

'vS;R;vvlbM 

iB;S;R;psbM*;r 

S. a neb or Cl with Sstitiv., 


y.. 

18-1 ; 

3-002 

... : 98 

5 42-6 1 

18-58 ' 

1 f Nebulous *11, m (D’Arr. | 
\ Resultate). j 

■ 1 27 

23-6; 

3-399 ! 

1 i 57 

4 11-6 ■ 

18-.58 ■ 

1 vF; psbM; stellar , 

; I 27 

44-5 

2-690 : 

1 , 127 13 26-9 

18*57 

1 ,F; vS; R; *12, p : 



I 

j 


18-57 ' 

i fvB; vL; vmE. llS'^-a;! ! 

1 27 

47*4, 

2-780 ; 

3 jl20 

7 37-9 

sbM; *34°-5, 6’*5. /j 


A. 479 


M. 74 
Auw, 16 


M. 76 


D’Arrest, 27 


1 27 53-1 
! 1 28 18-0 

1 28 19-5 i 
1 28 37-9 ; 
1 28 48-9 
i 1 28 50-4 , 
' 1 28 55*4 i 

! 1 28 57-2 i 

I 1 29 2-61 
' 1 29 9-2 

! 1 29 11*1 
; 1 29 14-4 i 
; 1 29 27-8 
' 1 29 59-6 
! 1 30 9-9 
; 1 32 7-6 
, 1 32 8-2 
, 1 32 32-0 


1 32 40-7 
1 32 50-9 
} 32 55-1 
1 33 28-5 
1 33 37-5 ! 
1 34 28-0 ,! 

1 34 41-6 
1 34 45-0 
1 35 35*6 
1 36 23-8 
1 36 29'2 
1 36 30-8 
1 37 15*0 
1 39 33-1 
1 40 0-8 
1 40 35-6 
I 1 41 29 
1 41 34*5 


3-401 
3-001 ' 


3-399 ■ 1 

2- 687 ; 1 

3- 072 I 1 
1 
1 


2-686 . 
2-976 ! 

2-612 i 1 
>•647 j 1 


3-405 - 

3- 211 ! 2 

4- 681 I ... 
2-642 


57 2 16-9 ' 
! 98 2 43-5 , 

' 57 19 26-5 ' 

jl27 12 19-8 
; 90 2 25-1 ! 

1127 12 40-1 I 
; 100 43 34-1 I 
1 132 9 23-1 ; 

: 129 51 50-1 
'',57 7 44-4 ; 
j 74 55 46-4 ' 

i 17 49 45-0 I 


18-57 

18-55 

18-55 
18-54 
18-53 
18-53 
18-53 
18-53 
18-53 
18-52 
18-52 
1 8-50 
18-51 


1 pF; psbM ; .stellar 2 

1 [pB; pL; ilE; gmbM; r; #8„ 4 
i nplO'. 

1 pB; pL; bM; *f, 2® 51” I 

1 WeF; vS; R:pof2 1 

2 ;eF; pL; not bM ' 2 

1 iF;S;R;fof2 1 1 

1 eF; S; aui vSst 2 

2 jB; pL; mE; gpinhM 3 

1 pF, S;R;bM ! 1 

l::vF;H;fof2 ' 1 

2 0; F ; vL ; K ; V g, psnibM ; rr' lit 
... !iF; 3st+ neb (Struve, S. 2).,.! 0 

I pF;S;R;bM 1 


1 ; 


3-119 

1 

84 50 14*0 

18-50 ! 1 

pB; S; R. psbM 

1 

2-669 

2 

128 2 13-0 

18-50 ; 2 

ipH; 18; K;gbM; *np 

2 

2-997 

2 

98 13 12*4 

18-42 : 2 

pB;vS; R;mbM;r 

4 

4*132 

1 

26 40 32*4 

18-42 1 1 

iCl; pS; L& vS.-st 

1 

2-759 

3 

120 .38 10-7 

18-41 ' 3 

vF; vS; pof 2 

3 

2-575 

2 

133 14 2.5*0 

18-40 ' 3 

F; S; R; g|>aibM; p of 2 ... 

3 

2-759 

3 

120 37 15*0 

18-40 3 

‘vF;pS; R; ghM; *f, nr...... 

3 

0*929 

2 

166 16 4*0 

18*40 2 

,vF; pi>; 11; vglbM 

2 

2*573 

2 

133 18 22-0 

18*40 2 

F; S; vlE; glbM; fof 2 

2 

1-907 

1 

155 36 37-3 

18-39 ! 1 

,vF;iR;vgIbM 

1 

3-334 

1 

39 8 52-4 

18-37 1 

vB; pof I) neb 

2 

3-734 

1 

39 7 27-4 

18-37 . 1 

JvB; fofDneb 

1 

4-062 

2 

28 49 19-B 

18-34 2 

Cl; iF; Ri; one * 6*7 ; stll 

! 14 

4 

3-856 

1 

34 49 52-1 

18-33 i 1 

ICl;pRi;stl2,m 

1 

* 4*018 I 

1 

30 0 37-1 

18-33 i 1 

;Cl; S;lRi;8tL ..! 

1 

3*199 1 

1 

77 4 36-0 

18-30 ' 1 

ipB; pL; E; bM; r 

1 

3*366 j 

1 

62 0 24-9 

18-27 ' 1 

|F;S;R;bM:r i 

3 

4*055 I 

1 

29 27 40-9 

18-27 ; 1 

!Ci;B;L;eR;stpL 

1 

3-107 ! 

1 

86 28 36-9 

18-27 ' 1 

!vF;S;R 

1 

3*165 1 

2 

80 17 10-8 

18-24 ; 2 

iF; S; IE; bM;r 

2 

3-365 j 

g 

62 48 58-2 

18-16 i 2 

iF;S;lE0°+ 

3 

3-360 1 

2 ! 

63 16 25*8 

18-14 : 3 

iF;E0°...90°;b€t2st 

4 

1 3-183 1 

2 1 

79 10 46-7 

18-11 : 2 

’F;pL;E;lbM;*Df,2' 

2 

! 3-30 1 

nil 

68 21 3 

18-08 Tl] 'pB; vmE; *14,f8® 

0 

3-299 I 2 

68 42 50-6 

18-08 2 

';pB;S;iR;mbM;lstof2... 

2 

3-126 

2 

84 47 12-6 

18-08 ! 2 

jvF; vmE, 165°+; sbM*9 ... 

3t 

+ 3-482 

1 

54 53 51-9 

-18-07 i 1 

jF; stellar 

1 



OF NEBULJS CLTJSTEES OF STAES. 
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ot 

Oata- 

logae. 

SirJ.IT.’s 
Catalogues 
of Nebuhe 

8irW. H.’s! 
Classes j 
and Nos. i 

402 

h. 

11. ' 
11.229 ; 

403 

152 

11.612 ' 

404 

2436 

11.481 1 

405 

153 

j 

406 

154 

II. 501 1 

407 

2438 


! r 155'! 

408 !< = > 

III. 459 

409 

L2437J 

III. .561 ' 

410 


11.617 ' 

411 

2439 


412 

156 

11.859 

413 



414 i 

11.618 

415 

2440 


416; 

in. 179 , 

417 

2441 


418 

r 1GU1 

<( =: >' 1. 62 

419 

L2442J 

158 

III. 192 

42tl 


111.564 

421 


: III. 565 

422 

157 

' III. 562 

423 

424 

1 



425 J 


426 

161 

11.596 

,427 

159 

1 III. 563 

i 428 

j 

162 


429 

If, 3 


430 

]C4 

: 11.270 ' 

431 


1.105 

432 

y>443j 

; I 


Other 

Authorities. 


I Annual 

Right I Precmion 
Ascension | in 
for I Right 
1800. Jan.O. J Ascension 
i for 1880. 


No. North Polar 
of Distance 

Obs. for 

used, i 1860, Jan. 0. 


Annual j 
Precession ! No. 
in i of 
N.P.D. jObs. 
for J used, 
1880 ! 


Summary Description from a 
Comparison of all the 
Observations, Remarks, &c. 


Total { 
No. of I 
times I 
of Obs! 
by h. I 
{and H.! 


438: 
434 I 


|l =n: 

2445 i 

168 i 

2446 I 


III. 460 


Irirhl 

k = k 

I 12447 J I 


442 I 

443 

444 I 

445 \ 

446 } 

447 1 

448 

449 

450 

451 


169 
169, oj 
169, V\ 
169, c| 

172 

173 

170 

171 


III, 266 j 
111.265 i 


11.221 
III. 176 j 


11.271 
II. 272 


1 

h m 

B I 

. ' 





„ ! 


1 41 

57*7 * 

+ 3*299 

2 

68 

44 

49*2 

-18*06 


1 42 

3-51 

3-369 

(1)' 

63 

3 

33*2 

18*06 

i 1 42 

170 

2*959 

1 

101 

7 

2-5 

18*05 

■ 1 42 

17 - 6 ' 

3*186 


79 

0 

17*5 

18*05 

j 

1 42 

lH-3 

2-910 

1 

105 

39 

54-5 

18*05 

1 

1 42 

20-7 

2*290 

] * 

143 

29 

3*5 

18*05 

j 

1 42 

21-3 

2-808 

1 

114 

29 

31*5 

18*05 

i 

: 1 42 

25-7 

3*492 

1 

54 

21 

52*8 

18*04 1 

; 1 42 

55*7 ‘ 

.3*299 

] 

68 56 

54*1 

18*03 1 

1 43 

2*1 ^ 

2*393 

2 

1.39 

19 59*1 

18*03 ; 

1 43 

10-9' 

3*129 

1 

84 

33 

6*4 

18*02 ; 

D' Arrest, 28 

1 43 

13 . 

3*30 

[J] 

68 

42 

18 

18*01 ! 

i 1 4.3 

29*0, 

.3*309 

1 

68 

7 

54*7 

18*01 1 

1 43 

32*7. 

2*652 

1 

1-25 

38 

52*7 

18*01 1 

! 1 43 

39-3 

3*307 

2 

68 

20 

25*0 

18*00 

1 1 43 

42-0: 

2*653 

1 

125 

34 

5*0 

18*00 1 

1 

1 44 

8-0 

2*964 

1 

100 

23 

45*6 

17*98 

! 1 44 

17*0 ' 

3*024 

2_ 

94 

44 

57*9 

17*97 

1 44 

25*9 

3*496 

1 

54 

35 

56*9 

17*97 , 

; 1 44 

25-9 

3*496 

1 

54 

.35 

56*9 

17*97 i 

‘ 1 44 

27*3 ! 

3*497 

1 

54 

31 

58*9 

17*97 1 

R. 3 nov® 

1 44 



... 

54 

32 



1 1 44 

.30-7 , 

3*131 

1 

84 

24 

17*9 

17*97 

' 1 44 

34-3 

3*497 

1 

54 

33 

1*9 

17*97 I 

55 Androm, 

1 44 

55*9 

3*575 ^ 

1 

49 

57 

41*5 

17*95 


1 44 

56’2 1 

3*509 ’ 

1 

53 

52 

9*5 

17*95 I 


1 45 

o 6‘9 , 

3*110 


86 

29 

23*7 

17*91 , 


1 46 

12 * 4 ' 

■ 2*918 

1 0 

1 ' 

104 

25 

39*0 

17*90 i 

D'Arrest, 29 

1 46 

19 ' 

3*28 

kn 

70 

50 

18 

17*89 ' 

D’ Arrest, 30 

1 46 

32 

3*56 

i[i] 

51 

18 

3 

17*88 i 

D’Arrest, 31 

1 47 

5 

3*29 

i[3] 

69 

59 

18 

17*86 ; 


1 47 

13-9 

2*797 

1 S 

i 

114 

26 

46*2 

17*86 i 


1 47 

14-6, 

2*795 

; 1 

114 

33 

21*2 

17*86 I 


1 47 

43-1 , 

2*621 


126 

34 

24*8 

17*84 : 


1 47 

47*9 

3*110 

1 

86 

29 

14*8 

17*84 . 


1 47 

50*1 i 

2*621 

1 

* 126 

.32 

0*8 

1 17*84 


1 48 

6*0 

2*969 

1 

i99 

38 

5*4 

1 1 


1 48 

17*0 1 

2*968 

1 

I 

j 99 

44 

29*4 

17*82 


1 48 

26-0 j 

3*463 

I 

57 38 

16*7 

17*81 


1 48 

33-4 ! 

3*483 

1 

56 

23 

6*7 

17*81 


1 48 

33-9 ' 

3*463 

3 

57 

38 

53*7 

17*81 

R. nova 

I 48 

34*5 

3*463 


57 

38 25*7 

17*81 

R. nova 

1 48 

38-4! 

3*463 


0/ 

38 

0*7 

17*81 

R. nova 

1 48 

47*9 1 

3*463 


57 

40 

30*7 

17*81 


1 49 

2-8! 

3*126 

1 

85 

3 

29*3 

17*79 


1 49 

3 * 2 ! 

3*126 

1 

85 

3 

41*3 

17*79 


1 49 

6-3 i 

4*127 

1 

30 

30 

49*6 

17*78 


1 49 

7*6 1 

+ 3*953 

i ^ 

35 

13 

13*6 

-17*78 


|pB; S;iR: mbM;2nd of 2,. 

1 |F; vlE,90=; i|il5,nr 

1 jpF; cL; R; glbM; 8*p,90’'. 

IcF; S; R; gvlbMN 

F; vL; 11; vgvibM 


vF ; vS ; R ; gbM ; er ; 2stnr J 


1 vF; stellar ' 1 

1 jF;cL;vglbM i 1 

2 ;B;S;R:gbM ! 2 

1 :pF; S; E 90 °; vgIbM; f 10,nfl 2t 


|vS; stellar I 1 

F;S;R I 1 

!F;cL;E;mbM l 2 

|eF;S i 1 


F; pL; E; vgvlbM; r 

eF; vlE0"+,ikl3,s,90".. 

Stellar; 3rti of 4 

Stellar; last of 4 

ivF ; stellar; 1st of 4 


Near h. 157, 159 . 


1 !F;S;bM;*13lU .. 
1 IF; pL; bM; 2nd of 4 . 
1 ’ ’ 


1 


I Fine nebulous with strongj 
atm. 

ivF ; R ; am pBst 


2 jpB; S; iR; psmbM... 
2 cB ; pL ; IE ; psmbM 


jpF; v-S; R; vgbM , 


NF;pL;R;gbM;S*195° 
F; S; R:bM 

[Suspected neb..., 

eeeF; S; II 

|eF ; stellar 


■F;pS;vlE . 


F; pL; inE; r 

eeeF; stellar 

pB;R;bM; *13, up 

f 3. y, S of Lord R.’s diag, 
I ',=11.221 H. 
i !pF;S;R;pof2;pos=:102°-4i 

jvF; vS; R;sbM;fof2 ^ 

iCI; not Ri; I 

|Cl;pL;pRi;iF;stll...l3 


4* 
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Ko. 


Eeferenc» 

to 

Bight 

Annual 

Pret^ssion 

No. 

North Polar 

Annual 

Procession 

No. 

Summary Descriprion from a 
Comparison of all the 
Observations, Eemarks, kc. 

Total 
No. of 

of 1 
Cata- ; 
logue,’ 

I 

?ir J. H.'s 
Catalogue 
of Kebulae. 

Sir W. K’s 
Oaases 
and JToh. 

Other 

Authorities. 

. for 

1860, Jan. 0. 

Bight i Obs. 
Ascension ;used 
for 1880. ; 

for 

1800, Jan. 0. 

lit 

NP.D. 

for 

1880. 

Obs. 

used. 

of Obs. 
hyh. 
and H. 

i 

452 

h. 

2449 

H. 




h m .s 

1 49 12-4 

B 

+ 2*112 

1 

0 , . 

147 22 44*6 

-17*78 

1 

pB;S;R;gbM 

1 

4531 

176 

III. 193 


1 49 20-4 

3-017 

2 

95 9 13*6 

17*78 

2 

eF; *9, 315°+ 

3 

454; 

2448 




1 49 21-5 

2*707 

3 

120 36 23*6 

17*78 

3 

pU;S; E*,1M 

3 

455 1 

173 

TI 222 



1 49 23*6 

3*468 

1 

57 29 41-6 

17*78 

1 

F; pL; niE; r; f of 2 

3 

456 j 

175, fl 


R. nova 

1 49 


... 

57 29 




uf h. 175 

0 

457 j 

174 

VII. 32 



1 49 25*8 

3-541 

1 

53 1 14-9 

17*77 

1 

Cl; vvL; Ri; st L and sc ... 

5 

458 j 

! 

459 

460 ! 

2450 

/”} 

[2451 J 

180 

III. 464 


1 49 27*7 

1 49 57-4 

1 51 17*8 

2*107 

3*006 

3*158 

1 

3 

1 

147 26 49*9 

96 5 19*5 

82 20 13*3 

17*75 

17*69 

1 

3 

1 

vF;S;R;bM 

vF;S;lE; vglbM 

vF; S; R; #10, 2' 285° 

1 

4 

1 

461 ' 


. 

D'Arrest, 32 

1 61 35 

3*28 

1 

71 42 48 

17*68 

[2] 

vF; S; R; nr I. 112 H 

0 

462 1 

179 



50 Cassiop. 

1 51 36*4 

5*005 

18 15 36*6 

17*68 

1 

Suspected nebulous * 

1* 

463 1 

181 

112 

1 51 39-0 

3*283 


71 40 12-6 

17*68 

0 

B;cL;K;gbM;r 

3 

464: 

181,0 


R. nova 

1 51 39 

3*283 


71 45 + 



5 or 6' s of h. 181 

0 

465 1 

2452 

III. 468 


1 52 0*8 

2*936 

1 

102 10 50*9 

17*67 

1 

cF:pL:E0'-’+;glbM 

2 

466 i 


ITT 214 


1 .*12 2*0 

.3*223 

1 

76 41 15*9 

17*67 

1 

vF; stellar 

1 

467 • 

2453 



1 52 3*7 

2*751 

2 

116 58 27*9 

17*67 

0 

pF;S; K;gIbM 

1 

468; 



D’Arrest, 33 

1 52 5 

3*34 

H] 

67 2 18 

17*66 

ni 

F; pL T 

0 

469 i 

182 

TI. 22.3 


1 .'52 Ift'O 

.3*4.1 1 

59 15 3*2 

17*66 

1 

|>B; pL; K; glbM 

2 

470 1 

183 

I. 101 


1 52 40*6 

2*999 

3 

96 38 24*8 

17*64 

3 

cB; L; niE 163°*0; mbM ... 

6 

471 i 


III. 215 


1 52 43*3 

3*209 

1 

77 59 17*8 

17*64 

1 

eF; stellar 

1 

472' 

184 

III. 583 



1 52 52-3 

3*406 

1 

62 26 29*1 

17*63 

1 

vF; vS; E; 3 stp; ^250^ ... 

2* 

473; 

2454 



1 52 57*3 

2*039 

1 

148 28 9*1 

17*63 

1 

pR; pL; IE; #12 att 

] 

4741 

185 

li. 435 


1 54 2-1 

2*9b9 

0) 

1 

97 30 22*6 

17-58 

1 

pF; pS; R; b?tl 

2 

475; 

186 

III. 433 


1 54 20-6 

3*005 

96 3 38*9 

17*57 

1 

oF;cS;R;bM 

3 

476 i 



D’Arrest, 34 

1 54 25 

3*16 

[1] 

82 10 18 

17*56 

[1] 

vF; S; # 14f 90'-; l+'-Ga ... 

0 

477! 

187 



1 54 39-4: 

3*247 

1 

74 57 35*2 

1 1 7*56 

1 

eF; S; R; # 11 75-' 

1 

478] 

188 

III. 207 j 


1 54 49*2 { 

3-280 

1 

72 17 54*5 ; 

; 1 7*55 

1 

vF; cS; R; stellar 

2 ' 

479 i 

2455 

1 



1 54 55-4 1 

2*100 

1 

146 30 26*8 

17*64 

' 1 , 

pF; S; R ; 2 st 11, nr 

1 

480: 

2456 

'■ 


1 55 1*3 i 

0-699 

3 

164 54 18*8 i 

17*54 

. 3 r 

eF; vS; K; #12,25" 315°.... 

3 

481 1 

482 i 

189 

2457 

1 III. 566 

1 


1 55 8*5 
' 1 55 46*1 

.3*571 

1*428 

1 

52 33 52*1 
; 158 32 40*7 

[ 17*53 

; 17*51 

■ 1 ! 

1 1 

vF; S; ill ; sbAT; # nr 

ecF; vS; K; #13 p 100" ... 

1 : ‘ 

483 

190 

. HI. 208 

1 

1 56 8-7 

3-253 

1 

74 38 1-3 

; 17*49 

1 ; 

1 

vF; S; iR; glbM; *10 p 
3^*5 

2 , 

484! 

485 

191 
r 1921 

[2458 J 

1 III. 151 

i 

j 

i 

i 

1 56 54*9 

1 57 28*5 

1 

i 3*428 

2*780 

1 

^ j 

61 40 47-2 

|113 58 18*1 

17*46 

17*43 

1 1 

2 i' 

i 

vF; vS; iR; bel2stn and sp.. 

vF; pS; vIE 

' 3 ; 

2 ! 

486 

2469 

! 


1 58 26*4 1 

1*343 


159 7 19*3 

17*39 

1 1 

pF; S; R; gbM 

1 

1487 

193 

1 I. 152 


3 59 51-2 

3*196 

^ j 

79 40 47*1 ' 

! 17-33 

1 1 

B; vS; vlE; svinbM; #10, i 
55" 320°. i 

pB; cL;lE;mbM i 

F;R;vS;bM ; 

3* j 

488 

489 

194 

195 

1 11.604 


2 0 19*0 

1 2 0 49*6 

3*604 

3*238 

1 1 
1 : 

51 54 21*7 
: 76 18 68*6 i 

i 17*31 
; 17*28 

1 ! 

' 1 !■ 

2 1 
1 i 

490 1 

2461 

r 196-1 



2 0 55*4 

2*468 

j 

2 

131 49 14*6 

1 17*28 


eF; vS; R; sbM; r ; 

2 1 

491 

492 

[2640/ 

2462 


i 

2 0 56*9 

2 0 58*2 

2*741 

2-561 

2 

116 7 1B*6 1 

127 9 11*6 

I 17*28 

17*28 

^ i 

’ 2 i 

vF; vF J inv j 

F; S; R; vsvmbM#13 ......j 

2 i 

2 

493 

198 

TIL 227 


2 1 34*0 

3*161 

1 

82 41 44-2 j 

17*26 

: 1 

vF; S;R;bM; amst j 

2 

494 

197 

f 

j 11.605 


2 1 40*3 

3*617 

1 

51 28 53*5 ; 

17*25 

1 1 ; 

pB; S; iR; *n 5 « •' 

2 

495 

496 

[2463 J 

j 11.482 

' III. 567 


2 2 30-1 

2 2 32*5 

2-942 

3*591 

3 

1 

100 47 38*7 

53 0 41*7 1 

17*21 

17*21 

3 

1 ' 

F;S;R;lstof4 

vF;S;lE 

4 

1 

497 

f 200-1 

I2464 J 
j 2on 

! II. 483 

i 

! 


2 2 32*8 

2-942 

3 

1 

: 100 47 50*7 

i 

17*21 

3 : 

F; S; R; 2nd of 4 

4 

498 

[2465J 

i 11.484 


2 2 47*1 

+2*942 


100 48 31*0 

-17*20 

3 ^ 

! 

vF; vS; R; 3rd of 4 

4 
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No. 

Eeferences to 

of 

Cata- 

Sir J. H’siSirW. H.’s 


logue. Catalogues ' (lasses 

Authorities. 


ofAebulfD, ! and Nos. 


I Annual | I 

Eight i Precession j 3fo. ! North Polar 
Ascension j in ; of j Distance 

for I Eight ; Obs. ' for 

1860, Jan. 0. | Ascension \ used.' 1860, Jan. 0. 
! for 1880 


; Annual ' ' 

I Precession 1 No. ‘ 

in I of ' 

N.P.D. jOfo,: 

for used , 
1880. ! 


Summary Description from a 
Comparison of all the 
ObserrationB, Eemarks, &c. 


‘ Total 
,No. of 
' times 
!of Obs, 
i by h. 
and H. 


i 

h. 

; H. 

i 

h m s ; s 


1 

f 2021 

' 

I ' : 


499, 

< = 

11.485 


2 


1 2466 


, 1 ' 


.’iOO 

203 



1 

501 ' 

204 

' III. 604 

2 3 56-7 , 3*593 i 

1 

502 

2467 


2 4 lo'S: 1*992 ; 

1 

503 


III. 259 

2 4 27*5 ' 3*047 ■ 

1 

504 ' 


, 11. 486 i 


1 

505 : 

2468 

; 

2 5 36*7 ' 2*555 

3 



11. 613 

2 5 51*5 ; 3*435 ' 

1 

307 : 

2469 


2 6 30*8 i 2*623 ' 


508 

2470 


2 7 24*0 ; 2-420 

2 

509 

205 

1 III. 260 

‘ 2 7 24*4 : 3*056 

1 

510 

206 

III. 457 

2 8 6*4’ 3*140 . 

1 

511 


III. 2 

! 2 8 41*3 3*078 ' 

1 

512 

207 

VL 33 

2 9 15*3i' 4*166 


513 

208 

111.201 

2 9 33*1 ' 3*252 

1 

514 

208, 


11. nova 

2 9 ! 



r 2091 




515 

} _ 

IJ. 474 

2 9 43-2, 2*920 

5 


U 471 . 




516 

210 

II. 246 


1 

517 

210, 

t 

R. nova 

2 10 ! 


518 

211 

11. 436 

2 11 14*5 2*p80 

1 

519 

213 


2 11 59*.3, 3*272 : 

1 

320 

215 

11. 4.37 

2 12 8 * 7 , 2*978 

0 

521 

212 

VI. 34 

2 12 34*2 : 4*188 , 

0 

522 

214 



1 

523 

216 

III. 486 

2 12 54*3 2*852 

1 

’ 524 ; 

2473 


2 13 20*1 , 1*774 • 

1 

I 525 

1 ; 

2472 


2 13 30*8 2*400 

2 

526 ' 

217 

11. 225 ’ 


21 . 3412 ' 3*548 

4 

! »27 ; 

218 

V. 19 , 

2 13 50*4 3*737 ' 

1 

528 ' 

2474 



2 

1 529 ’ 

219 

il. 43b 

2 14 35-7 2-993 ' 

1 

i 530 

' 219 , 



R. nova 

2 14 . 


1 531 


III. 695 

, 2 15 1*0 4*448 

1 

j532 

i 2475 


2 15 0-4 2*563 

1 

! 533 

III. 570 

2 15 14*0 3*732 


;534 

2476 


2 1.5 26*4 2*779 ■ 

1 

! oSd 

' 2477 

III. 224 

'2 16 34*0 2*778 

I 

536 


1. 153 

2 16 ,36*1 , 2*770 . 

1 

: 537 . 

III. 571 

2 16 44*2 3-736 

1 

538 

221 

' 2 17 40*4 ' 3*319 ' 

1 

1539 

220 


; 2 17 50*6* 3*543 i 

1 

;540 

, 2478 

' ill. 239 

, 2 18 44-7 2*710 

1 

541 


III. 474 

i 2 18 50*8' 3*350 

1 

1 542 i 222 

illl. 177 


2 

|543. 

i 11. 489 


1 

1544: 223 

i IV. 23 


2 20 29*1 i 3-049 

1 

545 

i 2479 



2 20 59*9 i 2*295 

2 

546 

; 224 

III. 261 


2 21 21*51 3*049 

1 


i r 225 

11 


1 


547 

1 = 

>! II. 487 


2 21 48*4 2*919 

2 


! 1 2480 

i: 



I 

548 

; 2481 



2 22 1*5 i +2*795 i 1 


0 . 


: ' i 


100 51 11*0 

- 17*20 

3 |vF; pS; R; 4th of 4 ... ' 

4 

98 25 7*3 

17-19 

1 IvF; vS; R;pshM 

1 

53 10 55*5 

17*15 

1 vF; iF; stellar 

2* 

147 23 .34*1 

17-13 

1 ,pF;pS; R;glbM;r 

1 

92 9 47*4 

17-12 

1 eF; eS; IF 

1 

99 58 5*7 

17-11 

1 ;F; S; E 

1 i 

126 30 33*9 

17-07 

4 cF;pS; lEO"- pbM 

4 i 

62 46 51*2 

17-06 

1 |F; S, IE90°; bM 

1 i 

122 36 11*1 

17-03 

2 icB; S; E; psmbM ■ 

2 1 

132 41 12-3 

16*99 

2 'F;vS;svmbM ' 

Q 

91 24 41*3 

16*99 

1 IvF; R; bM; stellar i 

2 

84 39 32*5 

16*95 

1 leF; cL; R; gbM; f 12 sf att.j 

2* 

89 36 2*1 

16-93 

l::ieF; vS; R; bM - 

1 

33 29 55*0 

16*90 

2 ,1; Ci; vvL; vRi; st7...14 ... 

5 

76 5 52*3 

16*89 

1 vF; vS; E; ^^^]0sf4' 

2 

76 5 + 

101 59 58*6 



0 

16*88 

5 IF; pL;R;vgIbM 

7 

76 6 11*5 

16*85 

1 !pF;pL;]E; pgbM; 

1 / *9, 185°+ 5' 

ISfsfl' 

2 * 

76 6 


... 'neb s of h. 210 

0 

97 17 24*7 

16*81 

1 'F; pS; E; bM; 2 or 3 stnr,,. 

2 

74 48 57*9 

16*77 

1 eF; R; gbM; * 16 nr 

1 

97 25 44*2 

16*75 

2 pF; pS; vlE; bM; * nr 

3 

33 32 49-5 

16-75 

2 ,! ; Cl; vL; vili; ruby M ... 

5 

26 52 20-1 

16*73 

1 Cl; L; 1C; sc St 9... 13 

1 

106 42 4*1 

16*73 

1 F;S;iR;pgbM 

2 

150 30 8*7 

16*71 

j 1 eF; S ; R ; 2 or 3 vS^t nr ... 

1 1 

132 23 1*0 

i 16*70 

j 2 |VF; vS; R; bM: ^^7 sf and 6 
f . more. 

2 

57 22 48*3 

1 16*69 

1 4 B; S; R;bM;3Sstsp 

5 

1 48 16 47*6 

j 16*68 

1 1 !; B; vL; vmE22°’3 

5t 

132 2 58*2 

I 16*66 

i 2 pF; pS; R; IbM; ^fe8 90 °, 4' 

2 

' 96 10 8*8 

1 16*64 

I 2 F; vL; iR; gbM., 

4 

, 96 10 


1 ... E; F; b.M; makes D neb with 
! i h. 219; both E. 

I 0 

1 

28 40 47*1 

i 16*63 

1 .16*62 

! 1 pP- pT • 

; 1 

124 21 30*4 

i 1 pB; S; R;psbM; fl0f90°*0 

j i 35 ^ 

t ' 

! 48 42 17*4* 

; 16*62 

1 1 \eF; vS;lE 

1 1 

111 27 12*0 

. 16*60 j 1 pB; S; gbM; r: *p 

: 1 

111 20 33*5 

; 16*55 

j 1 F; S; E 90'; gbM 

; 2 

111 52 23*5 

i 16*55 

1 cB; vL; E0°...90° 

! 1 * 

48 49 21*5 

1 16*55 

1 1 eF; stellar 

i 1 

' 72 7 46-3 

1 16*49 

i 1 pF; L; R; $10 sf 3' 

! 1 

i 58 23 33*3 

16*49 

1 1 !vF; S; R; 4 st nr 

' 1 

1 115 26 13-5 

16*45 

1 1 cF; pL; R; gpmbM 


, 70 7 27*8 

16*44 

■ 1 .eF;%8;iR 

1 ' 

; 57 3 25-1 

16*43 

. 2 oF; cL; E; vgbM; 2stl3np.. 

3 

; 70 15 30*6 

16*38 

1 F; S; IE: 3 stinv 

1 

91 46 18*5 

16-35 

' 1 vB; vL; R;nibMX 


135 4 17*1 

16*33 

i 2 ;vvF; S; R ; gvlbM 

2 

: 91 47 36*7 

16*31 

! 1 ;vF;cL;R;fof2 1 

2 

,101 10 10*3 

16*29 

: 2 lF;L;iR;glbM ' 

j ; 1 

3 

109 40 3‘6 

-16*28 

! 1 ’pB;E;gbM 1 

1 
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SIE J. F. W. HEESCHEL’S CATALO&EE 


, No. 


Eeferenei^ 1 

i of 
^Cata- 

Sir J. H.’ 

SirW. H.'si 

logue. 

Catalogues 

Classes ' 


of NebiiliT. 

and Nos. j 


h. 

H. i 

549 

226 

L 154 i 

550 

2482 

1 

551 

229 

II. 278 

552 

228 

i 

553 

227 


554 

230 

IL 237?: 

■ 555 

2483 


556 

2484 


557 

231 

! 

i 558 

231, a 

1 

i 559 

231, 

1 

560 

232 

11.211 i 

561 

233 

! 

562 

2485 

HI. 472 i 

563 

234 

1 

564 

2486 


565 

235 

III. 572 

566 

236 

III. 573 

567 

2487 

; 

568 

237 

III. 161 . 

069 

238 

III. 557 1 

570 

239 

III. 4.34 ' 

571 

240^ 

11.238 1 

572 

1 

241 

Iii-lgs ''J 

. III. 152 : 

573 


' IL 6 ’ 

574 

244 

i 1.102 : 

575 

242 

i 1. 156 1 

576 

243 

1 II. 592 ! 

577 

I 2488 

i i 

578 


iVIII. 66 j 

579 

i 245 

{111.581 1 

580 

1 2490 


581 

i 246 ; 
1 

11. 5 ; 

II 

i 

; TI. 284 ; 

583 

t2489 j 
247 

' III. 475 : 

584 

248 

1 1 

585 

i 251 

,111.228 

586 


; II 488 

587 

1 L^491J 
* 252 

III. 229 i 

588 

' 2492 


589 

’ r 2541 

T. 63 ; 

590 

: L2493J 

! 256 

1 III. 584 ' 

591 

258 

i I- 1 i 

592 

' 255 

11. 633 j 

593 

; 259 

1 

594 

' 257 

III. 162 


j Annual j 1 

1 Prtwssioii , No. i 

■ in ! of j 

' Eight ' Ob?, I 


2 26 0-7 
2 26 ]6-h 
2 26 21*2 
2 26 26*0 
2 26 33*1 
2 26 37*4 
2 28 0*1 
2 28 23*1 
2 28 43*8 : 
2 28 46-2 


’ 2 32 42*1 
' 2 33 •S-S 
! 2 33 36*3 


North Polar 
Distanee 
for 

1800, Jan. 0. 

Annual 

Precession 

in 

N-P.B. 

for 

1880. 

No. 

of 

Ohs 

used. 

Summary Description from a 
Comparison of all the 
Obst-rvatioiis, Remarks, &c. 

53 29 51*2 

-16*26 

1 

cB;L;E;vgbM 

132 1 .30*7 

16*21 

4 

vF; pL; lE; gbM; *8sf3',.. 

91 43 1*7 : 

' 16-21 

1 1 ' 

pB; S; E; psb.M 

45 59 37-0 

' 16*20 

1 1 

:C1; pHi; st9...15 

33 5 46*0 

16-20 

’ 1 

Cl; pL; pRi; st 13.. .15 

93 33 56*3 

■ 16*19 

1 

ipF; ilE 0®+; bM 

126 39 0-0 

i 16-10 

; 4 

pB; pS; uiE 215®-7 

107 49 36*8 

1 16*09 

' 0 

F;S:iR;pbM 

57 40 44*3 

1 16-09 

1 

S; R; psbM; 1st of 3 

57 38 59*3 { 

.';7 .nO'h 

1 16-09 

' 16-(19 


1 S y and S of Lord R.’s diag. 


3*512 

(2) 

' 61 

17 

57*6 ; 

16*08 

(2) pB; cL; IE O...9O'; gmbM; 

3t : 

3*580 

I 

57 

40 

14-9 ' 

16*07 

1: vF; R; bM; 2nil of 3 ..i 

!♦ 1 

2*912 

1 

101 

22 

37*.5 

16*05 

1 eF; pS; H; vlbM; ani.sest.,.' 

2 

3*580 

1 

57 

46 

23-.5 

16*05 

1 pB;R;3r<lot3 

1* 

2*270 

0 

13.') 

8 

21*^ 

16*04 

2 F; .8; R ; bet 2 si in jmr j 

2 

3*753 

1 : 

49 47 

2.3*8 

16*04 : 

1: vF; pS; por2; 210"; 157'..., 

2 

3*754 

1 

49 

44 

28*1 

16*03 

1 F: 8; f of 2; 210"; 337" ■ 

2 ' 

2*404 

2 

129 

39 

17-2 ! 

15*96 

2 pB; L; pniE’.smbM; bi-N... 

! 

3*595 

2 

57 

17 

1 6*5 

15*95 

2 F; S; vlE; bM; r; 2’'t 14 nfi 

4 ; 

3*232 

1 

78 

58 

34*1 

15*93 ■ 

1 F; S; vIE; psb\I; r 

2 ‘ 

2*963 

1 

97 

46 

30*4 

15*92 

1 vF;cL: iF; vibM 

2 

3*761 

1 

49 

43 

53*8 ; 

15*84 1 

1 pF; L; E 90';^ ; inbM ; r 

4 * ; 

3*540 

I: 

60 

27 

46*0 

15*80 ' 

1 F; pS; iR; !)M; St inv 

3+ ! 

3*077 

1 

89 

44 

6*9 . 

15*77 ® 

1 S; cOfiiCtlC 

]* ; 

2*968 

3 

97 

17 

18*9 ! 

15*77 ' 

3 eB; pL; vR; nib.M : 

5* i 

3*731 

1 

51 

32 

45-9 ' 

15*77 

1 vB; vL; vmE; vvinbM 

3t ; 


79 45 46*9 1 
145 28 45*9 ' 
^ 29 3 23*5 

. 72 34 8*5 

, 145 28 16*8 , 

‘ 89 3^ 24*8 ' 


3-354 {']} ' 71 19 38*7 


47 49 25-0 . 
81 52 7-2 , 


1 pF; S; IE; !iM; 4^11, 25' 50 2 

1 ftF;S; E;pof2 i 1 

2 (,’1 ; L; >0 ?t. ont* 10 2 

l::vF;iE 2 

1 F; 8; H; jjbM; 4K.1]. s2' ... ] 

2 pH; S; v!F 0...90-; bin; 3^1 10 

j trap. 

2 'pF; L; raE; r; 4ifl7, att 4 


F; S; R; Ib.M 

Ci; B; vL; 1(’; ?f; .st 9 
vF; v8; p of 2; jj^lO p 


101 53 28*2 i 15-66 2 F; S; R; bM 


1124 52 20*8 ■ 15*64 : 1 


,eF;vS;fof2 ; 2 

pB; S; R; stellar i I 


98 51 19*1 j 15*63 ; 3 'B; pL; R; mbMtl2 j 


62 1 17-0 i 15*60 j 1 

90 9 14-0 1 15*60 j 2 

53 16 21*0 1 15*60 I 1 

72 35 27*0 : 15*60 i 1 

58 10 18*3 ! 15*59 i 2 


! 

y 257, a 


R. 3 novae 

2 34 . ! ... 

260 

111.163 1 


2 35 23*6 3*598 1 1 

261 

i 1 

1 

2 35 26*2 + 3-599 | 1 1 


58 7 34*9 15-57 I 1 

58 4 35-2 15*56 1 I 


;F;S;R;psbM I 2 

![)F; cL; iE 80®; bM; pB^nrj 8* 

:'pF;cL; R; glbM ! 3 

■eF;? ! 1 

F; pL: R; IbxM; *7-8 p 43-5! 4 

{ fG seen (including .*. h.l ^ 

|( 257, 260,261). J 

ivF; pL; R; IbM; sp of 2 ... 2 

|eF;S;nfof2 ! 1 
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Eeferenees to 

Sir J. H.’s 

Sir W. H ’s 


Catalogues 

Classes 


of Nebulffi. 

and Nos. 


h. 

H. 


262 


M. 77 

263 

IF 273 



111. 455 


' 2494 



! 264 

I. 64 


: 265 

11.466 


' 266 

IT. 465 


i 

111.582 1 

! 267 

III. 462 ; ; 

: 2496 

1 

' 2495 

V. 48 ! 

i f 269') 

; 


III. 449 : 

: 1 2497 J 



268 



1 270 

11.601 




Bessel 

272 

III. 450 


' 271 

11.602 1 ; 

1 271. 


R. 2 novas 

273 

1 ; 


n.254 ! ’ 

2498 


. 2499 


274 

111.580 i 

r 



11.470 : 

, L25onj 

1 ; 

250) 


276 

11.274 


11.619 ' 

277 

III. 199 

277, « 


R, nova 

2502 

in. 469 . 


!H. 178 


278 



2503 





11.239?; 

279 

11.620 ‘ 

280 

11.502 i 


11.607 : 

1 

11.704 ' 

M 281 

1 IV. 43 : 

2504 

III. 245 


1 

II 608 


: ! 2505 



282 

11. 503 


2506 

IL 475 


1 283 

E 109 


i 284 

111.578 


f 2851 



^ “ f 

II. 285 


1 L2307J 



1 286 

II. 504 


1 2508 



' 287 



2509 

11. 258 


! 288 

III. 262 



III. 164 



I Annual j 

Eight j Precession j No. 
Ascension j in | of 
for I Eight i Obs. 
1860, Jan. 0. | Ase^on | used 
I for 1880. i 


i Annual j | 
North Polar ' Precession i No I 


Summary Description from a 
Comparison of ail the 
Observations, Eemarks, &c. 


1 I 90 35 56-2 ■ — 15'56 j 1 |vB; pL; iR; sbMrrN; *130’,' 13f 


2 36 0*3 i 3*138 i 1 . 85 37 19*1 ; 

2 36 33-3' 3*085 ; 2 . 89 13 22*0 | 

2 37 43*71 2*589 ; 1 • 119 35 49*8 j 

2 39 6*9 , 2*950 : 1 1 98 9 32*5 ! 

2 39 15*4, 3*05/ . 1 91 5 53*8 

2 39 21*1 i 3*061 ; 1 ; 90 49 5*8 | 

2 39 22*7 1 3*313 i 1 ! 74 25 31*8 j 

2 40 18*4 3*061 ! 1 ! 90 50 57*3 | 

2 40 20*8 I 1*552 i 1 150 30 14*3 ’ 

2 40 21*5 ': 2*557 2 j 120 51 30*3 : 

1 ' i 

2 42 35*21 2*796 ' 2 107 34 23*5 | 

2 42 39*0 ' 3*839 . 1 ; 48 55 4*5 ! 

2 43 44*5 1 3*858 1 1 > 48 22 21*3 ' 

2 44 6*5 3*738 1 ... ; 53 4 14*9 ! 

2 45 8*9 ! 2*799 ’ 1 .107 12 50*7 j 

2 45 25*7 i 3*847 ! 1 i 49 0 2 3 ' 


15*53 1 1 ,pF; S;iR;gbM 

15*50 , 2 ivF;L;lbM;er ! 

15*44 ! 1 ;B; pL; pmE; sbM .'.’.’.'.''."'.'.J 
1.5*35 I 1 IvB; pL; E; gpmbM i 

15*34; 1 pB; cL; IE; rabM 

15*34' 1 !vF;pL;iR;bM .....1 

15*34 1 1 ivF; S; iF | 

15*29 i 1 vF; S; R; 2Sstp 1 

15*29: 1 F;pS;R;glbM i 

15*29 ! 2 ;vB;L; vmEl51°*l;vbMN ■ 

I I ' 

15*15 j 2 pF; pL; pmE; glbM 

! I 

15*15 , 1 'neb or vSCl of vSst 

15*09 i 1 jcF; S; iR; vgbM; r ......... 

15*07 , ... ? a comet 

15*01 ; 1 :vF;S:IE;gbM 

14*99 j 1 ,eF; pS; iR; vglbM 

I ... h. 2/1 is D; another near ... 


2 45 44*4 
2 46 0*9 
2 46 35*8 
2 46 44*5 ' 
2 47 29*7 i 


2 48 7*7 ' 
2 50 52*8 
i 2 51 35*0 
2 51 54*7, 
2 52 + 1 

, 2 52 16*6 ; 
j 2 52 47*8 , 
' 2 52 51*3 
2 52 .56*7 ' 
i 2 53 0*1 ! 
, 2 53 28*9 ' 
! 2 55 0*2 ; 
; 2 55 21*2 
i 2 55 44*9 : 
i 2 56 20*1 ; 
2 56 25*0 , 
2 56 32*2^ 
2 56 55*1 i 
i 2 57 5*8 ' 
I 2 57 14*1 
! 2 58 3*7 
; 2 59 19*7 

2 59 25*2 

2 59 30*2 

3 0 48 0 
3 1 29*2 i 


91 51 24 * 6 ; 
77 34 54*2 I 
145 32 30*4 ; 
145 38 31*4 ; 
47 31 21*6 : 


1 eF; pL; gbM; *8f 

1 F;S;iR;r 

1 F;R;gbM 

1 ;F;R;gbM 

1 VF; vS; R; gbM; 2Sst A 


,100 36 9*2! 14*86; 2 :vF; S; R; stellar 


14*84 1 F; pL; vmE; 2Sst f 

14*68 ; 1 F; vS; ilE; sbM; er 

14*63 1 :pB; cL; niuE O’; r; 1'.. 

14*61 : 1 ;F;pS;lE‘; SbM; Jp6^5 .. 

i ... R (nisi=H. II. 239} 

14*.59 ' 1 F; R; glbM; stellar 

14*56 ; 1 vF; pL; R; sprubM 

14*56 .1 eF; vS... 

14*55 ; 2 ,vF; pL; E; vlbM 

14*55 2 pR; pL; iR; mbM 

14*52 I ( 2) ;pF; pS; iF; sbM 

14*43 1 ipF; pL; R; psbM 

14*41 i 1 F; cL; E 

14*39 1 ;F; pL; niE 90'... 180’ 

14*35 ; 1 iF; niE; sinbMS* 

H'34 I 1 ipF; cL; pmE; gbMi^lG; r.. 

14*40 I 1 |F;cL;er 

14*30' 1 UF;spof2 

14 29; 1 icB; pS; iR; snibM 

14*29 1 1 ipF; cL; iR; bM; nf of 2 ... 
14*24; 1 jcB; pS; viE O’; r; Stnr ... 
14*l6 I 1 jcF; vS; R; psbM 

I4*]5 j 3 jpB; S; IE 80’+ : lb."!! ...... 


59 30*2 2*799 | 1 : 106 8 39*5 

0 48*0 2*288 1 1 129 34 26*9 

1 29*2 4*337 1 i 37 11 56*1 j 

3 27*9 2*702 3 ' 111 7 0*0 

4 20*1 3*022 (1) : 93 3 4*5 j 

4 23*3 +3*634 1 ! 59 57 41*8 i - 


14*15 j 1 ;B;S;cE;psbM 

14*07 ' I ipF; S; R; psb.M 

14*03 i 1 iCl; vS of Sst 

13*90 ; 3 pB; cL; R; gbM; r 

13*85 j 1 :;jStellar; difficult 

•13*84 1 jeF;vS;?vSst 


MDCCCLXIY. 


I 
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SIB J. F. W. HEBSCHEL’S CATALO&IJE 


Jfo. 

of 

Cata- 

logue 

Eeferenees to 

Sight 

Ascension 

■for 

1860, Jan. 0. 

Annual 

Precession 

in 

Bight 
Ascension 
for 1880. 

Sir J. H.’s 
Catalogues 
of Kebulffi 

Sir W.H.'s 
Classes 
and Nos. 

Other 

Authorities. 


" 

k 

H. 


h m s 

s 



" 2891 





654 


= > 

II. 286 


3 4 26*8 

-h 2*91 2 



2510 j 





655) 

289, e 

B. nova 

3 4 31*4 

2*912 



2911 





mu 


III. 591 


3 4 36-2 

2*912 



2511 J 





657 


2512 



A. 205?? 

3 4 41-9 

0*771 

658 


290 

VI. 25 


3 5 6-3 

4*106 

659 


2513 




3 5 18-2 

0*747 

660 



II. 900 


3 5 38-6 

2*884 

661 


292 

III. 443 


3 5 49’8 

2*975 

662 


2514 



3 5 57-7 

1*775 

506o 





3 6 55-2 


663 


2515 



3 7 7*5 

1*474 

664 



IV. 17 


3 7 7-6 

3*016 

665 


2516 


3 7 46*9 

2*667 

666 


2517 



A. 337 

3 8 25-7 

1*635 

667 



III. 194 


3 8 43-9 

3*020 

668 




D'Arrest, 35 

3 9 31 

3*93 

669 




D' Arrest, 36 

3 9 31 

3*93 

670 


2518 



3 9 41-5 

2-198 

671 



...... 

D’Arrest. 37 

3 9 45 

3*93 

672 




D’Arrest, 38 

3 10 8 

3*93 

6731 



D'Arrest, 39 

3 10 11 

3*94 

674 


293 

11. 603 


3 10 32*7 

3*937 

675: 




D'Arrest, 40 

3 10 35 

3-97 

676i 

2519 

111.956 


3 11 2-0 

2*884 

677.1 






678 







679; 

680: 

^ 293 , a 


R. 6 novae 

3 11 i 


681: 






682; 






683* 

2520 



3 11 34 * 2 : 

2*425 

684* 


III. 195 


3 11 4.3*7 

3*017 

685i 

2521 

A. 487 i 

3 12 15*0* 

2*189 

686! 

294 

III. 574 1 

3 12 23*9! 

3*938 

687 


295 

III. 575 


3 12 25*0 ! 

3*938 

688' 

296 

11. 287 


3 13 15-0 ! 

2*954 

689 

2522 



i 3 13 22*5 

i 2-710 

690, 


III. 444 


: 3 14 7-5 

’ 2-983 

6qi 


III. 568 


1 3 15 25-7 

j 3*016 

692i 

2523 

; 1.106 

... . .. .. 

3 15 36*2 

! 2*786 

1 

693 ; 

2524 


.. 

3 15 41*5 

i 2*295 

694 : 

2525 

1 .. 


3 16 0*3 

; 1*749 

5061 

! 


! 


3 16 29*0 


695i 

2528 




A. 206 

3 16 34-1 

■ 0*698 

696: 

2526 



3 16 54*8 

' 2*666 

697' 

2527 


, A. 548 

1 3 17 20*4 

1 2*288 

6981 

2529 


1 A, 547 

j 3 17 23-1 

2*291 

699‘ 

2533 


i 

! 3 17 45*6 

2*662 



r 2981 





700 < 

1 _ t, 

> f 

III. 197 


3 17 48*3 

3*011 


i 

L2530 J 




1 


j 

f 2971 




! 3*011 

701'< 


, III. 196 


3 17 48*8 




i^253lj 

i 



1 

1 702 ; 

2532 

I 


3 17 50*9 

1 + 3*012 


No. 

of 

Obs. 

used. 

North Polar 
Distance 
for 

I860. Jan, 0. 

Annual 

Precession 

in 

N.P.D 

for 

1880. 

No. 

of 

Obs. 

used. 

Siimraarr Description from a 
Comparison of all the 
Observations, Remarks, Ac. 

Total 
No. of; 
titn^ 
of Ohs. 
by h. 
and H, 

3 

99 27 28*8 

-13*84 

3 

F; pL; R; vglbM; *9np ... 

i 

5 j 

... 

99 26 25*8 

13*84 


No description 

0* j 

2 

99 29 11*6 

13*78 

2 

eF; vS; R; stell; sf of 2...... 

3.| 

2 

157 18 47’1 

13*83 

0 

F;S;pinE;gbM 

3 1 

1 

43 17 22*3 

13*79 

1 

Cl; pL; Ui; C; ili; stl2...15 

3 

p 

157 29 13*6 

13*78 

2 

pF: S; R; glbM 

2 : 

1 

101 0 7*2 

13-76 

1 ,F; pL; E 80°+ 

1 ! 

3 

95 45 4*5 

13-75 

3 

cF; S; IE; bM; *9, n 5' ... 

4 i 

1 

143 52 1,V8 

13-74 

1 

B; L; vmE 80%" vgbM 

^ i 


89 4 27*5 



See No. 5060 . 


1 

148 40 18*9 

13-67 

1 

Cl of 18 or 20 .St 

! ; 

1 

93 27 10*9 

13-67 

1 

* uith neb att 90 ' 1 

1 

1 

112 30 46-1 

13*63 

1 

F; S; E; aim .stell; #8, np... 

1 1 

2 

145 44 50-6 

13*58 

0 

B; L; R;rf 

2 ! 

1 

93 8 18-9 

13*57 

] 

hF; eS 

1 t 

rsi 

49 2 30 

13-49 

[2] F; v.^; R; stellar; 1st of 7... 

0 

1 

49 1 42 

13-49 

[2J eF; S; IE; cotnetarv; 2il of 7 

0 

131 36 25-7 

13*51 

1 

vB;H;gml)M 

1 ! 

[2] 

49 1 54 

13-48 

r2; 

vF; S; R; 3id of 7 

0 

[2] 

49 1 36 

13*46 

r^i 

F; S; R; 4thof 7 

0 

[2J 

48 58 30 

13-45 

L21 

vF; V.S; 5tli of 7 

0 ! 

49 0 5-5 

13-45 

] 

pB; pS; R; bM: 6th of 7 ... 

2 * 

1 

49 0 3 

13*42 

[2] 

F; S; ^,fl7; 7tb of 7 

0 

100 48 41*4 

13*42 

1 

eF; vS; 2 st 2' or 3' s 

* ; 

1 

... ! 

i 

1 j 

49 ± 

i 

i 


6 of 15 (including probably 
b. 294, 295 ) 

0 : 

; 1 

i i 

1 i 

1 ^ ' 

123 5 43*3 

1 

13*39 

1 

vF;L:R; VglbM 

! 1 1 

1 i 

93 14 30*6 

1.3-38 

1 

eeF; eeS 

1 1* . 

1 2 1 

131 36 47-1 

13-33 

2 

0; vB; pL; R; mbM; or ... 

\ ^ 

i 1 

49 11 42-1 

1.3*33 

1 

vF; R ; bM; p & sin of 2 ... 

! 2 ' 

i 1 

i 1 1 
i 

49 10 4-4 

13*32 

1 

vF; R; bM; f of 2; 100", 
352'*4. 

' 2 

1 

! ^ 

96 45 57-9 

! 13*27 

4 

vF; S; vlE; gbM; er 

1 ^ i 

i 2 : 

110 55 8-9 : 13-27 

0 

cR; vL; vmE; psvmbM 

2 ; 

; 1 

95 8 11*7 

13*21 

1 

eF; vS 

1 i 

I 

93 15 44-1 

13-13 

1 

eF ; S ; iF; am 3 or 4 st 

i i 

1 

105 53 51*7 

13-11 

1 

pB;cL;iIi;gbM;*7,f7*-5, 

2 ir'-’*o. 

3 1 

! 

3 

127 38 38*7 

13*11 

3 

0; vF; pL; R; vgvlbM 

3 1 

1 

142 41 0*3 

13*09 

1 

F; pL; mE 37°*3; gbm 

1 i 


89 19 3*0 



See No. 506l. 


1 

156 59 37*2 

13*06 

1 

pB;L;lE; vgbM;r 

1 

j 1 

111 52 19*1 

13*03 

1 

pB; S; R;gbM 

1 

1 2 

127 43 40*0 

13*00 

2 

vB; cL; vlE; vsvmbMN ... 

2 

2 

127 36 24*0 

13*00 

2 

pB;pS;psbM 

2 

1 

112 1 0*9 

12*97 

1 

F; S;R; bM;pof2 

1 

1 

93 31 34*9 

12*97 

1 

vF; S ; R ; bM ; 1st of 3 

3 

1 

93 30 34*9 

12*97 

1 

1 

vF; vS;E;?Deb *; 2nd of 3 

3 

1 

93 25 54*9 

-12*97 

i ' 

F; vS;R;bM;3rdof3 

1 
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Jfo. 

of 

Cata- 

logue. 

Eeferenees to 

Eight 

Ascension 

for 

1860. Jan. 0. 

Annual 

Precession 

in 

Eight 
Ascension 
for 1880. 

of 

Obs. 

used. 

North Pola.* 
Distance 
for 

1860, Jan. 0. 

Annual 

Precession 

in 

N.P.D. 

for 

1880. 

; No 
' of 
jobs. 
1 used 

, Summarj Description from a 
Comparison of all the 

1 Obserrations, Eemurks, &c. 

Total 
No, of 
times 
of Obs. 
by h. 
and H. 

Sir J. ir.’s 
Catalogues 
of KebuLje. 

Sir W. H.’e 
Classes 
and Nos. 

Other 

Authorities. 


h. 

H. 


h m 

s 

s 






1 ‘ 



sa7. « 



3 17 

53*6 

+ 3*011 


93 

16 41*9 

-12*97 



0 

7fl4 ' 2QQ 

IIL 445 


3 18 

4-9 

2*962 

0 

96 

14 11*2 

12*96 

, 2 

;vF; pS; prnE 

3 

705 

2534 

IV. 77 


3 19 

18-0 

2*661 

2 

112 

1 49*8 

12*94 

0 

,F; mE; 239'*1; com; *9, 10 

3t 

706 

2535 



3 18 

37’6 

2*305 

1 

126 

58 12*7 

12*91 

1 

0? pS: vsvmbMN 

1 

707 

2536 



3 19 

39-5 

2*739 

1 

108 

4 59*5 

12*85 

; 1 

:F; pS; R; glbM 

1 

708 


III. 959 


3 19 

53-5 

2*662 

2 

111 

51 1*8 

12*84 

2 

jvF;vS;sfof2 

' 1* 

709 



1. 60 


3 20 

15-0 


2 

111 

50 36*0 

12*80 

2 

'vB; S; E90'^...180'; sinbMN 

2* 













j np of 2. 


710 


Auw. N. 17 

3 20 

41-7 

3*690 


59 

6 31*2 

12*76 


|F; L; *10f4"; n 2 -5(801160-' 0* 1 













j fold, 1858). 

; 

711 



D’Arrest, 41 

3 20 

47 

3*98 

nv 48 

39 6 

12*72 

[1] eF;pL;lbM 

: 0 

712 

2537 


1 3 21 

10*0 

2*319 

3 

126 

12 33*5 

12*75 

3 

jvF; S; vlE; gbM 

3 

713 

2538 


i 3 22 

29*8 

2*407 


122 

46 15*5 

12*65 

■ 2 

cB; pS; R; psbM; 

' 2 

714 

2542 

L 257 

: 3 22 

,38-1 

2*437 

(I)'I2l 

34 40*8 

12*64 

1; 

tcB; pL; iR; vgbM 

2 

715 

2539 



38*5 

2*441 

1 

121 

23 12*8 

12*64 

1 

‘vD; p8; IE; psbM 

1 

716 

2540 


1 3 22 

39-6 

2*275 

1 

127 

38 11*8 

12*64 

1 

F;S;R;*12, sf 

1 

717 

301 

VIII. 88 

; 3 22 

41*0 

3*852 

) 

53 

9 36*8 

12*64 

1 

!C1; vL; abGOst 

i 3 

718 

300 

III. 694 

' 3 22 

54*4 

6*312 

2 

17 

54 ]&*1 

12*63 

3 

|F; v 8; ill; gbM; J viir ..... 

3 

719 

2541 


i .3 2.3 

1 0-3 

2*732 

1 

108 

16 10*7 

12*61 

1 

vF;S;R;pslbM 

1 

720 

84 ■ 

3 23 

42-3 

4*361 


39 

3 lG*6 

12*5h 

1 

'Ci; lRi;stL 

1 

721 

2545 


A. 591 

3 24 

11-0 

2*365 

1? 

124 

12 43*8 

12*54 

1; 

:jB; L; niE; vmbMKN 

! 1 

722 

2544 

...... ' 

3 25 

8-3 

2*3.32 

1 

125 

20 9*9 

12*47 

1 

!pB;pS; R; psh.M 

1 1 

723 

2543 

I 

3 25 

16-8 

2*698 

1 

109 

45 38*2 

12*46 

1 

:eF;pslbM; vdiff^nS, sf 

1 1 

724 

2540 

111.246' 


.52*1 

2*665 


111 

17 46*1 

12*43 

0 


' 5 

725 

2547 

III. 487 

' 3 26 

2*0 

2*778 

1 

105 

41 32*4 

12*42 

, 1 

’vF; 8; IE; glbM 

’ 2 

726 

2548 

11.290 

, 3 26 

44*0 

2*808 

0 

104 

9 24*9 

12*37 

-2 

pF; pL; R; IbM; pL^nfS'... 5 

Ti’T 

302 

III. 446 

: 3 26 

44‘3 

2*971 

0 

95 

33 27:9 

12*37 


vF; 8; bet 2st 

1 3 

728 

2549 


I 3 26 

30-7 

1*789 ' 

2 

140 

45 56*6 

12*38 

2 

vF; pL; ill; gbM; *nr 


729 

2550 


; 3 27 

28*6 

2*690 

1 

109 


! 12*32 

1 

F; L; K; vglb.M 

i 1 

730 

2551 ! HI. 960 

i 3 27 

38*5 

2*674 : 


110 

46 3*7 

! 12*31 


,vF; 8; R..r. 

' 3 

731 

2552 


i 3 28 

18*0 

2*289 ; 

0 

126 

36 31*9 

' 12*27 

2 

I! vB; vL; niE; rX in vLE 2t 












j Halo. 

; 

732 

2553 

III. 857 

' 3 28 

18*2 

2*421 

0) 

121 

40 37*9 

i 12*27 


b-F; 8; iF; IbM 

! 2 

733 

2554 

111,559 

, 3 29 

0*5: 

2*670 

3 

no 

50 46*4 

12*22 

3 

vF; S; R; bet 2st 14 ........ 

, 4 

734 

2555 

11. 262 

1 3 29 

1*6' 

^ 2*570 

1 

115 

24 21*4 

12*22 

1 

))B; pL; vIE; psbM 

' 0 

735 

2556 


... . 3 2<> 

50*6 ' 

: 2*310 

1 

125 

42 24*2 

! 12*16 

] 


1 1 

736 

2557 


; 3 30 

0*6 ' 

2*311 

1 

125 

41 4*5 

' 12*15 

1 

'vB: nl.VlE: ffnibM : 2 ik] of 3’ 1 

737 

2558 


1 3 30 

1 

0-6 

2*309 

1 


43 44*5 

; 12*15 

1 

-B; s'; IE; pmbM; 3i-dof 3.. 

; 1 


303 

11.288 

i 3 30 

7-0 

2*971 

0 

95 

30 0*1 

; 12*13 


:el; pL; iK; bM; r 

; 5 

739 

25o9 


A. 574 

3 30 

9‘5 j 

2*316 

1? 

125 

28 56*8 

i 12*14 

1: 

ivB; L; R;psbM 

: 1 

740 

2560 

III. 961 

1 3 30 

28*71 

2*657 

2 

111 

21 44*4 

i 12*12 

. 2 

F; 8; H;gbM 

3 ! 

741 

2561 


' 3 30 

42*7! 

2*307 

1 

125 

55 1*7 

j 12*11 

1 

B; pL; R; gpmbM 

i 2 ' 

742 

2562 


1 3 31 

1.9*8 1 

2*710 

I 

108 

48 18*5 

, 12*05 

1 

'ipF; 8; R ; psnibM 

: 1 I 

743 

2563 

II. 263 

1 3 31 

26*9 1 

2*576 

1 

114 

58 4*5 

12*05 

1 

pB; p8: R ; guinbM 

' ^ 1 

; 744 , 

2564 


: 3 31 

34*7; 

2*298 i 

1 

125 

58 33*0 

! 12*05 

1 

vB; pL; R;gmbM 

2 

|745; 

2565 

III. 451 

1 3 32 

19*8 I 

2*706 

1 

108 

53 34*6 

j 11*98 

1 

,F;S;R;gU)M 

; 2 ' 

746 1 

2566 

I. 58 

i 3 32 

24*1 1 

2*608 

2 

113 

28 55*6 

i 11*98 

2 

B; p8; E; psuibM 

' 4 1 

747 

2567 

II. 593 

i 

11*0 ! 

2*700 

1 

109 

9 29*4 

1 11*92 

1 


q ; 

748; 

2569 



3 3.3 

11*6 ' 

2*296 

2 

125 

54 53*1 

i 11*93 

2 


3 1 

749 j 

2568 

III. 247 


3 33 

14*1 1 

2*613 ' 

J ' 

113 

10 47*4 

1 11*92 

1 



750 j 

2571 



3 33 

4.3*1 1 

2*291 j 

1 1 

; 126 

2 48*0 

; 11-90 

1 

ivB; pL- R; psnibM 

2 

751 

25^ 2 



3 33 

49*8! 

2*407 1 


121 

46 25*6 

11*88 

1 

!F; cL; vmE; vglbM; *7np 

1 

752 

2570 

1.107 


3 33 

55*4 • 

2*702 j 

1 

‘109 

2 21*9 

1 11*87 

1 

vB; L; R; svmbMX 

3 

753 

304 

III. 263 



4*2; 

3*040 

(«)j 

91 

34*0 

! 11-85 


2 

754 

304, a 


R. nova 

3 34 

j 

91 

45 

imahes D neb with h. 304 ... 

0 

755 

2573 




J. ^ ■ 

0»(\ 1 A 1 

'0 ' 

134 

33 18*9 

11*87 

a 


3 

756 

305 

III. 669 



32*3 

O.Q77 

I 

95 

7 5*4 

11*82 

Ll 


2 

757 

2574 




o6*5 

^ us i 


116 

40 8*4 

11*82 



1 

758 

306 

Ii.455 


3 34 

41*5 

^ 001 1 

2*976 i 

1 

95 

8 51*7 

11*81 

1 

ipF; pL; IE; IbM; i^sf; 2dof3 

3 

759 

2575 

11. 267 


3 34 

5M 

+ 2-615 1 

3 

113 

0 43*7 

-11*81 

3 

jpB; 8; iE; pglbM; -ifesfE' ... 



l2 
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SIE J. r. W. HEESCHEL’S GATAIOGTIE 


No. 

of 

Cata- 

logue. 

Sir J. H.’s 
Catalogues 
of Nebula;. 

Eeferences to 

SirW.H.'s! 

Authorities. | 
and Nos. | 

Eight 

Ascension 

'for 

18G0, Jan. 0. 

Annual 

Precession 

in 

Eight 

Ascension 
for 1880. 

No. 

of 

Obs. 

used. 

North Polar 
Distance 
for 

1860, Jan. 0, 

Annual 

Precession 

in 

N.P.D. 

for 

1 1880. 1 
1 ! 

NO. 

of 

Obs. 

used. 

Total 

Summary Description from a 
Comparison of all the 

Observations, Eeiaarks, Ac , 

by h. 
land 11. ; 

760 

h 

307 

H. 

11.456 


h m 8 

3 35 2*3 

1 B ! 

+ 2*976 

3 

j 95 9 45*6 

1 1 

-11*78 

2 1 

j 

vF;S;E;B*135°,F;3dof3; 4 


! A. 426 
; Auw. N. 18 
' A. 562 


i 3 35 56-9 I 2*804 

! 3 35 58*6 ', 2*976 

i 3 36 30- 1 I 2*438 

I 3 36 42*1 I 2*622 

i 3 37 0*0 i 2*288 

I 3 37 37*8 ; 1*879 

I 3 37 52*3 j 3*542 
: 3 38 7-9 1 2*264 

I 3 38 20*0' 2*272 

; 3 38 43*4 ' 2*623 

' 3 38 44*4 i 2*986 

I 3 38 44*4 ' 2*703 

! 3 38 46*3 ; 2*682 

I 3 38 52*0 ' 4*490 

3 39 4*9 : 1*977 

3 39 12*4' 2*696 

3 39 32*4 : 2*989 

3 39 56*6; 1*974 

' 3 40 59*9 ' 2*241 

i 3 42 24*8 ■ 2*739 

i 3 43 32*5 +1*139 

I 3 45 15*1 i -0*360 

3 46 48*5: +0*224 i 


2 j 103 56 56*1 1 

; 95 9 45*6 | 

1 120 21 11*3 ■ 

2 112 33 21*6 i 

1 125 50 50*2 I 

2 137 40 33*4 I 

... 66 40 12*9 ; 

1? 126 34 12*6 : 

1 126 18 1*9 I 

3 A 12 21 40*1 ; 

2 ! 94 31 51*1 j 

2 ■ 108 43 32*1 ! 

2 jl09 41 52*1 : 

2 37 46 18*6 , 

1 : 135 5 20 4 

1 i 109 0 25*3 , 

1 : 94 24 37*9 ! 


; 106 49 22*2 
' 150 14 27**1 
' 162 6 36*1 
158 38 24*7 


;F; cL; niE 6®+ ; r j 

|No description ! 

jF; pL; iR; gbM...... ! 

pF; S;lE;bM ! 

|pF; S; R; psmbM | 

vB; L; pniE; vsvmbMflO ..., 
;::!B:vL;iF;VAR.(Tempel): 

? 10; vB; ptuE; pgbM i 

iF;vL;R;glbM j 

F; pS; gpnibM I 

‘vF; S; iE; *nr i 

IpB; pS; R; siiibM«(fl3 ! 

'ipB;vS;bM : 

■Cl of ab 30st 12... 14 ' 

pB; L; vitiE 22P*6.... * 

:F; R; tbM ! 

;pB; S: R; *17M 

pF; pE; eE42'’*3; vgpmbM 

F; 8; K; ^att 

ipR; S; IE; mbMNj ' 

;cF; S; K ; glbM; am 7Bst ...; 

pF; pS; iR; glbM; *7r 

W'; pL; K;gvibM ! 


78a 
786 i 

»oyi 

2593 



3 47 04*0 . 
3 48 18*8! 

i*yoo 

2*644 

1 

184 80 4/*U 

110 52 29*8 

iu*yu 

10*84 

X icr ; yu ; gnm 

1 <el'; S; R; 2Bstf; p of 2 

1 

787- 

2594 

III. 962 


3 48 28*0 , 

2*643 

3 

HO 54 59*4 

10*82 

2 F; S; vlE; 2st lOnr; f of 2... 

4 i 

788; 

2595 


A. 427? 428?' 

3 48 31*1 : 

1*830 

2 

137 53 54*8 

10*84 

2 oF;pL;R;vglbM 

2 

789 i 

2596 



3 49 9*1 1 

0.-710 

1 

127 24 18-6 

10*78 


1 

790! 

2597 


A. 480 

3 51 4 * 2 : 

2*029 

3 

132 46 40*8 

10*64 

3 ph; pL; R ; gbM; 2st A 

3 

791 ; 



Auw. N. 19 

3 52 1*3 

3*444 


71 49 55*8 

10*54 

... ,*12 inv in neb (Maikree Cat. 

0 1 

i 









i Nov. 24, 1854). 


792 , 

2599 



3 52 22*9 

0*478 

2 

156 25 42*3 

10*59 

2 pB; S; vlE; pmbM 

2 

793 


1.258 


3 52 32*8 

4*482 

1 

39 1 19*4 

10*52 

1 !vB; S; iF; bM; r; #inv 

1 

794 1 

2598 



3 52 59*7 j 

2*2.51 

1 

125 51 46*3 

10*49 


1 

795: 

2600 


A. 438 

3 53 5*8' 

1*870 

2 

136 36 53*0 

10*50 

2 F; cL;R;vglbM 

2 

796 ^ 

2601 



3 53 36*3 j 

1*748 

0 

139 18 42*9 

10-47 

2 F;L; R; vgvlbM; 3stn ... 

9. 

797 ' 

2602 



3 53 47 * 2 ! 

1*721 

3 

134 52 57*5 

10*45 

3 eF; 8; IE 90 °; vgvlbM 

3 

798 

310 



3 53 47*4 


1 


10*38 

1 Cl; segment of a ring 

1 

799 


VII. 3 



3 53 52*2 

2*821 

1 

102 25 27*4 

10*42 

1 Cl; S; C 

1 

800 

2603 


A. 369? 

3 54 33*6 

1*573 

1 

142 43 35*3 

10*39 

1 F; vS; R; pmbM; *8np ... 

i 

801 


IV. 53 


3 54 57*0 

5*109 

2 

29 27 30*6 

10*28 

2 0; pB; pS; vlE; I'diam ... 

2 

802 


VII. 47 


3 55 9*9 

5*232 

2 

28 3 51*2 

10*26 

2 Cl; pRi; cC; iF 

2 

803 

1 2604 



3 55 25*3 ' 

0*456 { 

1 

'156 25 44*2 

1 0*36 1 

i eF" pS; K ; *10 np 

j 1 

804 

1 2605 

1 , 


3 56 44-9 

1*552 

1 

1 142 58 5*1 

10*23 i 

2 leeeF; S; R; bet2st 12&13.. 

I g 

805 

i 

II. 279 


3 57 19*5 

3*021 

2 

! 92 35 1*5 

! 10*15 1 

2 *vF; pL; mE; vlbM; er 

1 2 

806 

2606 



3 59 0*1 

1*965 

0 i 

133 47 35*5 

10-0.5 1 

2 F; pL; II; vgmbM 

2 

807: 

2608 



3 59 3*1 

0*218 j 

3 

158 1 23*7 

10-09 

3 pB; pS; mE 121°*5; gbM ... 

3 

808! 

2607 


A. 466 

3 59 20*3 

1*966 

3 

133 44 23*1 

10*03 

3 10;B;(L; R;bM;rr 

•‘i 

8 O 9 


VIl. 60 


3 59 3.5*9 

4*416 

1 

1 40 51 49*5 

9*95 

1 jCI; L; vRi; pC; stvL ...... 

1 1 

810 

i 311 

IV. 69 


4 0 28*6 

3*755 

2 

j 59 35 29*2 

9*96 ' 

2 |*8iri in neb 3' diam,. 

3*t 

811 1 

! 2609 


A. 348 

4 0 39*4 

1*448 1 

2 

1 144 29 25*8 I 

9*94 

2 jB; L; vmE 10^; bM 

2 

:812' 

! 2610 

III. 499 


i 4 1 24-0 

2*884 ! 

2 

! 99 12 21*5 

9*85 

2 eeF; S; E; psinbM; er 

3 

|813 

! 2611 



! 4 1 44*0 

+2*613 

1 

!iii 33 0*1 

9*83 

1 L; pmE; gbM; *8sp ... 

1 

j814 

1 2615 

1 


i 4 2 8*1 

-2*026 

1 

j 167 13 0*4 

9*92 

1 iCl; pL; IRi; st9...10 

1 

815 

! 2612 



4 2 10*3 

+ 2*616 

1 

ill] 25 36*0 

9*80 

1 pB;R;bM 

1 

*816 

* 2613 



4 2 35*2 

1*525 

2 

143 2 40*3 

9‘79 

2 eF;vS;R;vlbM 

2 

! 817 

i 2614 



4 2 48*1 

1*440 

1 

! 144 28 35*9 

9‘77 

1 vF; R 

1 

818 

i 2617 



4 4 8*8 ’ 

0*425 

2 

j 156 12 37*0 

9*70 

2 eF;vS;R;glbM 

2 

8 I 9 

1 2616 



4 4 17*7 

+ 1*761 

2 

jl38 15 52*5 

- 9*65 

2 pB; pS; E77''; vsmbMRN... 

3 
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No. 


References to 

Eight 

Annoal 

Precession 

No. 

I Annual 

North Polar | Precession 

No. 

Summary Description from a 

Total 
No. of 

Cata- j Sir J H.’s 
logue.i Catalogues 
jof Nebula' 

SirW. H.’s 
Classes 
and Noe. 

Other 

Authorities, 

for 

1800. Jan. 0. 

Eight 
Ascension 
for 1880. 

Obs. 

used 

for : N.P.D. 

1860, Jan. 0. ! for 
. 1880. 

of 

Obs. 

used. 

Comparison of all the 
Obserrations, Eemarts, &c. 

of Obs. 
by h. 
and H. 

820 

h. 

H. 

m6i 


h m s 

4 4 37*1 

s 

+ 4-520 

1 

39 7 14*2 ' -9*56 

1 

’ 

Cl;B;vRi;cC .. 

1 

821 

2619 



4 5 33*4 

0*746 

1 

153 16 3*3 ; 9*59 

1 

vF; S; R; gbM . 

1 

822 

2620 



4 6 34*6 

2*302 

3 

123 12 36*2 1 9*46 

3 

pB; pL; R; bM; up of 2 ... 

3t 

823 

2621 


A. ^00 



4 6 39*6 

2*301 

3 

123 14 8*2 : 9*46 

3 

B; vL; vtnE32=*2; psmbM... 

3t 

824 

2622 


4 6 51*0 

1*297 

0 

146 29 15*9 , 9*47 

2 

vB; vL; R; srabM;2sH|tl0nl 

2 

825 

826 

2623 

2618 

IV. 26 


4 6 59*8 

4 7 50*8 

0*749 

2*792 

1*267 

0 

A 

153 9 21*9 1 9*47 
103 5 32*2 i 9*36 

0 

1 

F; S; R; vSffd sf 

0; vB; S; R; ps, vsbM; r... 

2 

1 

827 

2625 



4 8 4*3 

1 

146 50 24*6 9*38 

1 

vF; R;pL; vIbM 

828 

2624 



4 8 17*9 

2*337 

1 

121 54 41*8 , 9*34 

1 

vB; pS; IE; psvmbM 

1 

829 

2626 



4 9 32*7 

2*420 

2 

118 50 16*1 j 9*23 

2 

vF; vS; E; gvlbM ; r 

i 2 

830 

2627 



4 9 58*6 

1*170 

1 

148 5 3.3*1 1 9*23 

1 

B; pL; E; smb.\lN = *ll .. 

i I 

831 


VIIl 8.5 


4 10 25*3 

4*489 

1 

40 5 39*7 ■ 9*11 

1 

Ci; pRi;lC;stL 

1 

832 

2628 



4 11 37-5 

1*282 

2 

146 24 57*7 ; 9*11 

2 

pB; IE; gb.MEN; |p 

, 2 

833 

312 



4 11 45*8 

3*959 

1 

53 25 50*1 9*03 

1 

Cl; vL; lRi;JC;st'i0...12.. 

' 1 

834 

2629 



4 12 9-4 

1*313 

1:: 

145 55 46*2 9*06 

1 

B;pS; R 

■ 1 

1H35 



D’Arrest, 42 

4 12 21 

' 3*11 

[1] 

1 

87 56 12 : 8*99 

[1] 

,vF; S; R; *13nr 

i 0 

.836 


If. 464 


4 12 22*5 

' 3*097 

88 55 34*0 9*00 

1 1 

F; vS;R 

.i 1^ 

837 

313 

111. 490 


4 13 10*4 

: 3*052 

2 

91 2 17*1 ' 8*93 

! 0 

icF;pS;IE; vgbM;*Ilsf ... 

,i 3 

.83H 

2630 



’ 4 13 11*1 

1*295 

1 

146 7 50*6 8*98 

i 2 

vB; pS; R; gmbM; am 3st.. 

2 

■839 



• Aiiw. N.20 

4 13 47-7 

3*488 


70 48 46*0 ' 8*87 

i 

,!!!: vF; S; variable (limd).. 

0* 

.840 

2631 



4 13 56*5 

+ 1*622 

2 

140 30 9*7 ' 8*91 

i ’a 

cF;S;R; VglbM 

J 2 

'841 

:842 

2633 

2632 



4 14 0*8 
4 14 56*3 

, -0*349 
+ 1*858 

1 1 

1 

160 46 26*2 ■ 8 96 
135 21 58*1 : 8*83 

! 1 
i 1 

Cl; v!C; ab20scst 

pF:S';E;gbM 

■1 ^ 

J 2 

843 

2634 



4 15 .56*3 

0*704 

0 

153 7 47*6 8*78 

: 0 

vB; vL; niE; vgpmbM; ■*1^ 

1' 2 

1 

:844 

2635 


' A. 338?? 

; 4 16 52-1 

1*337 

0 

145 IG 34*3 , 8*69 

2 

■ attn, 

B; vL; vg, svnibM; 15® c 

j 

i’ 2 

i 

' 845 

2636 



i 

' 4 17 9-1 

1*707 

1 

138 35 2,3*2 i 8*66 

; 1 

1 in R.A. 

F; S;R;bM 

j 

' 2 

1 846 

2637 



4 17 42*3, 

1*916 

1 

133 47 30*7 ; 8-61 

i 1 

F;S:R;gbM 

J 1 

! 847 


‘ 11. 768 


4 17 43*5 

5*621 

. 1 

25 27 13*7 • 8*51 

1 1 

pB; S; IE; bNM; pB#n ... 

,1 1 

1848 

2638 



i 4 17 45*5: 

; 1*910 

■ 1 

133 57 0*7 8*61 

1 

vF; S: R;gbM; 

1 

1849 

26.39 



1 4 17 59-3 

. 2*026 

1 

130 .55 4*6 ' 8*58 

1 

■pF; S; R: *13nfl' 

1 

|850^ 

2640 



4 19 13*4 

1 1*190 

1 

147 17 51*7 8*51 

i 1 

pB; S; R; pgbM; 2S stsf ... 

.1 1 

j831 

314 

. m.587 


i 4 19 24*3 

: 2*980 

1 

93 56 58*5 ; 8*45 

1 1 

.eF; bM; bet 2 St 

, 2* 

1 852 

' 2641 



1 4 20 12*4 

1*526 

3 

141 55 9*4 8*42 

; 3 

'pF;S;R;bM 

3 

i853 

315 

i F-’I7 


i 4 21 2*8 

3*925 

' 3 

5-5 2 25*3 ; 8*29 

1 3 

pB; vL; iR; mbM; *8 



I I 4 24 36-3 i 1*711 I 1 138 5 22*2 

j 1*^58 j 4 24 45*0; 2*958 i 4 ' 95 23 3*4 


4 24 48*1 ! 1*303 

4 24 59*0 I 4*298 
4 25 45*2 I 2*973 I 
4 26 10*8 : 2*975 i 

4 28 20*2' 1*883 I 

4 28 33*6; +1*321 


' 14.5 22 1*2 
i 45 3 48*9 ; 
! 94 38 56*8 : 
! 94 33 58*0 I 
1 134 0 32*2 ; 
144 54 14*2 ' 


350=, 2'. 

F;S;E;glbM ! 

CI;vL;pKi;IC;stL I 

pF; S; U; gbm; ^iel2, 287°*8, 
3 vF; iF: vlbM; bet * & *14. ' 

,F; pS; F ; r; pofD neb ’ 

F; vS; R: r; i'ol'Dneb 

'F; pL; IE 132=; *42^80*'...! 

pF:pS;R;gbM ; 

:: vF; vS ' 

vF;S:R;bM ; 

;B; pL; mEl5=’0; smbM; p 
! of 2 . ' 

F; S; R; bM ' 

:pB; pL; R; gmbM i 


2 i€F;pL:IE; fof2 i 2 

1 iCI; vF; pS; C; steS I 1 

1 !Susp in haz^ weather j 1 

2 !eF; S; E90=+ 2 

3 IF; S; E; vglbM ! 3 

2 |B; F; mEl05°*8; \ ! „ 

i vg,vsmbMN5". f ^ 
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SIE J. F. W. HEBSCHEL’S CATALOGS 


: Eeferences to 

No. ! 

of i ^ Ti 

Cata- ; Sir J. H.’s Sir - H. s other 
logue : Cata'ogucs : Classes j _Authorities. 
iofNebuhe. aad Nos. i 


320 ' n. 524 

321 1 11.514 


Annual ! i i Annual j , 

Prece^ion ! No. ' North Polar Precession. .No. i Bescription from a 

! in I Ol 1 nC all 


1 Ascension ' in i of j Dii^noe 
! for , Eight 1 Obs 1 for 
! 1860, Jan. 0. Ascension , used. . 1800, Jm. 0. 
1 ; for 1880. i i 


i 4 29 6-8 +2-999 i 1 
' 4 29 26*0 : 3-064 ; 2 


322, a 

2653 

2652 

323 111.952 


X 11.522 


328 III. 588 ; 

2657 i 

329 n. 523 ! 

vm. 8 


334 11. 527 

334, b[ 

334, c: 

2670 : 


4 29 47-5 
■ 4 30 7*9: 


' D’xVrrest, 45 


330 I 

2658 ' 

331 III. 589 

2659 ' 

332 VII, 1 
. .. VIII. 7 

i VIII. 59 

333 11.547 


2- 999 i 1 j 93 26 37-9 ■ 

3- 064 ; 2 ' 90 25 50-1 1 

3- 00 I [2] I 93 28 48 j 

4- 558 ! 1 I 39 50 13-9 | 

2*995 ' 1 . 93 35 45-6 ! 


R. nova 
D’Arrest, 46 


I 4 30 19-9, +2-995 
i 4 31 14-0 -0-756 
i 4 32 20-0 ' + 2-598 

j 4 32 .36*3! 3*227 

; 4 32 36-5 , 3-226 

4 33 1-4; 3-055 


; 4 34 26-6 3-00.'. ! 

I 4 34 36-9; 2-686 

4 35 29-3 3-028 i 

i 4 35 30-1 0-266 ' 

4 35 45 i 3-08 

; I 

; 4 36 51*6 ' 2*950 

4 37 7*2 i 0-206 
■ 4 37 41-4 , 2*879 

, 4 37 54-0 ’ +3-500 
; 4 38 37.3 -0-201 

4 38 42-3' -0*531 

4 38 43-91 -0-177 

4 38 49*7' +3*015 
4 39 0-9 2*954 

. 4 39 28*8 . 1-952 

; 4 39 36-7 ; 2-962 

4 39 37-6; 1-950 


:: 90 30 45-6 , 
1 i 162 8 7-3 , 

1 ! 110 55 34-4 1 

2 I 82 56 7-6 1 


3-226 i 

1 ' 82 

57 

2-6 , 

7-38 

3-055 

1 j 90 

49 

3s-5 

7*35 

2-878 : 

2 ! 98 

52 

4S-9 ; 

7*2/ 

3-00.'. ! 

2 ; 93 

8 

53-1 ’ 

7-23 

2-686 ■ 

1 ! 107 

16 

3-1 

7-23 

3-028 ; 

1 92 

2 

39-5 ' 

7-15 

0-266 ' 

1 156 

4 

46-4 : 

7-22 


[1]' 89 39 1 


4 

40 

45-1 i 

3-361 j 

4 

41 

2*4 

4-268 . 

4 

41 

2.3-7 ; 

2-947 i 

4 

41 

59-7 1 

1-811 

4 

42 

20-4' 

0-236 ; 

4 

42 

46-2' 

3-007 i 

4 

43 

32-0 ■ 

+ 0-930 i 

4 

43 

34-7 ' 

-0*404 ; 

4 

44 

19-2 

-0-228 1 

4 

44 

35-4 

+ 3-010 ; 

4 

44 

39-1 

2*276 j 

4 

44 

41-5 

1-665 ; 

4 

45 

16-3 

2-999 ' 

4 

45 

22 

3-00 ; 

i 4 

45 

32-3; 

2-999 1 

1 4 

45 

44-3 1 

2-999 : 

1 4 

45 

44-3: 

2-999 ; 

; 4 

46 

91 

2-212 ; 

' 4 

46 

12-6 

, 2-999 i 

i 4 

46 

18-6 

, 0-875 1 

; 4 

47 

6-7 

. +3-104 ; 

, 4 

48 

23-2 

; -0-339 1 

i 4 

: 48 

30-2 

' 0*345 i 


1 48 

i 47-0 

1 0-146 


1 4S 

1 1-9 

■ 0-203 


49 42*0 

-0-302 


Comparison of all the 
Observations, Eemarks, &c. 


' 1 F; S;iF;lbM;2stsf 

■ 2 \F;pL:mE0°...90“;B ^nf..! 

' r2l ■vF: S; ^20, 270^ 6“; II. 524| 

p(R). 

1 F;cL;iF;6or7st + neb ...| 
1 A'; E90"...180“^ sbM; B^p; 

! 40*. 1 

.. 'ms .1 

1 ;vF; pL; R;glbM ...| 

1 Nfb. No de.scription 

2 (+' ; S -, R ; *8 sp ; p of D neb . 

1 eF; vS; foi l.) neb j 

1 ,F; S; R; bM; *9iifl2‘‘'5 ...j 


2 d-B; L; R I vgbM; er ' 

1 eF; vS; R; bet2st ' 

1 F:pL;lK 

I 'Cl; [)L; pRi; pmC; stll...l6 
rn F; K; Ooinetarv; A with 2 st; 

^ ; 18, r. 

1 (+"; vS; iR; i)M 

3 r;S;R;gbM 

1 F; vS; ill ; liM ; -h" up 

2 Cl;vL;stL,sc 

1 F;pS; R;gbM 

3 pF; L; vli:-, vglbM 

3 vF;S:H;glbM 

1 F; cS;R:lbM 

1 ,eF;il;? 

1 F: p.S; priiF; g^lbM 

1 pF; |),S; iE90“ + ; b.M ; 

1 iF; S; IE; glbM 

] ;C1 of LAS so St ' 

2 Ci;lRi;stLAS 

1 'Cl; lUi; 1C: pL 

1 eF;pF;R:lbM 

1 t-F; R; alt to *14 

1 'eF;S;R 

1 vF;vS ; 

! 2 B;L;sinb.MN 

i vF; S; att to *10 

1 vF; pL;iR;r ' 

; 1 ’vF;S 

1 2 vB; L; iR; 4stinv 

I 3 vF; S; R; roi stiiiv j 

i :: R, MS .1 

ir2] vF; vS; 11.527, fl2*± I 

12 'pF; S; R;bM; *7,225°+...| 

1 I I No description ■ 

' 2 vF'; S; R; VglbM | 

; 1 :F;S;lbM 

3 IpB; pL; iR; pgmbM 

. 1 ivF; vS; am vSst; L#sp 

2 !F; S; R 

^ 2 iF;S;R 

; 1 ivF;E;vlbM 

I 5 l0;pB;L;R;rr 


1 |pB; pS; R; glbM 
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No. 


Eeferences to 

Eight 

Annual j 
Precession 1 No. 

North Polar 

Annual 

Precession 

^ 1 

! Summary Description from a 

Total 
No. of 

of 

Cata- 

logue 

Sir J. H.'s 
Catalogues 
of NobaUe.. 

Sir W. H.’s 
Classes 
and Nos. 

Other 

Authorities. 

for 

18(», Jan. 0. 

Eight 1 Obs. 
Aseenrion lused. 
for 1880. : 

for 

1860, Jan. 0. 

N.P.D. 

for 

1880. 

; Comparison of all the 

used ' Observations, Eemarks, &c. 

: 

of Obs, 
b v h. 
and H. 

933 

h. 

336 

H. 

IV. 32 


h m 8 

4 50 1‘9 

+ 2*959 ! 1 

95 5 43-5 

-5-95 

j 

1 IcB; S: mbM* 

3 

933 

2676 


4 50 25-3 

+ 2*333 : 3 

120 6 11*1 

5-93 

3 iF;S;vlE;glbM;^10, 75"., 

3 

934 

26k 


A. 73 ? 

4 50 27-0 

-0*443 i 1 

160 5 32-0 

6-00 

1 ,Cl; vF; S 

1 

935 

936 

26/8 

2683 



4 60 48-7 
4 60 53-7 

+ 0*866 ' 2 
-0*427 : 2 

149 58 0-1 
159 59 14-9 

5-93 

5*97 

2 ,F: L: il; vglbM: ^ att 

2 lF;pS;lE;r 

2 

2 

937 

2679 



4 51 8-5 

+ 1*342 3 

143 35 14-3 

5*89 

3 ipF; S; R; pmbM 

3 

938 

939 

940 

2682 

338 

337 



4 51 15-3 
4 51 15*6 
4 51 32-4 

0*544 ; 1 
3*253 ' 1 
+ 4*753 1 

153 13 27*7 
81 58 39-1 
37 19 51-9 

5*91 

5*83 

5*77 

' 1 ;F; pS; R; vglbM 

1 ,S; R; rrr 

1 Cl; vL; pRi; 1C; stL and S 

1 ' 

1 

941 



A. 76 ? 

4 51 44-5 

-0-473 2 

160 13 0*0 

5*90 

2 '0; B; S; iR; rrr; stl4 ..... 

; 0 

942 

2685 




4 51 46-1 

-0*370 1 

159 39 49*3 

5*89 

1 +1; pB; S 

\ 1 

943 

3.39 

11. 516 


4 51 47-1 

+ 3*057 , 2 

90 42 45-3 

5*79 

2 'F; S; R; bM; pof 2 

1 2 

944 

945 

339, « 

2686 


R. nova 

4 51 + 

4 52 0-4 

0-043 6 

90 42+ 

157 8 55*2 

5*86 

... No description 

5 vB; S; Eorbi-N; bM; spof2 

: 0 

5 

946 

2687 



4 52 2-G 

0*046 3 

157 7 48-2 

5*86 

3 vF; .8; R; sbM; 2stnr; nfofS 

, 3 

947 

2681 




4 62 16-4 

2*592 , 1 

110 34 42*9 

5*77 

1 pF; pL; R; glb.M 

^ i 

948 

949 

340 
340, a 


K. nova 

4 .52 18-9 
4 52 + 

+ 3*063 1:: 

90 28 7-0 
90 28 + 

5*75 

1;; pF ; iR ; pslbM 

... ,No description 

1 .7 1 

1 1 

950 

2688 



4 52 20-4 

+ 0*022 3 

157 16 42-8 

5*84 

3 F;pS;R; VglbM 

! 3 

951 


D’ A n est, 47 



4 52 39 

+ 2*89 [2] 

98 4 0 

5*73 

[21 pF; pL; IbM; h, 341 nr 

i 0 

952 

953 

2689 

341 


4 52 41-7 
4 52 57-2 

-0*366 3 

+ 2*893 1 

159 37 11*4 
97 68 11*7 

5*»2 

5*71 

3 Cl; pF; .8; R; 2nd of 3 ..... 

1 F; R; *13, s 

' 3 

1 1* 

954 

2690 



4 53 0-9 

-0*358 3 

159 34 7*3 

5*79 

3 Cl; pB; pS; pmE; stl2 

: 3 

955 

III. 503 


4 53 21-2 

+ 2*994 1 

93 32 9-9 

5*67 

1 vF; pL; 2B St V nr. 

i J 

956 

2G9I 



4 53 

22-6 

+ 0*038 3 

157 8 36*5 

5*75 

.3 Cl; pL; IRi; 1C; stl0...15.. 

! 3 

957 

2694 



4 53 4,3-2 

-0-238 2 

158 52 23*4 

5*72 

2 S; K ; close * in M 

1 2 

95s 

2693 



4 53 49‘2 

+ 0073 1 

156 53 44*7 

3*71 

1 el ; pS; R; gbM 

t 1 

959 

2695 i 



4 54 8-4 

-0*259 1 

158 59 17-0 

5*70 

1 pB; E; R; guib^I 

! 1 

960 

2696 1 



4 54 18-5 

+ 0*009 1 ' 

157 18 56*9 ' 

5*67 

' 2 pF; pS; R; 2st att 

' 2 

961 

2697 1 

... 


4 54 19-0 

-0*143 I ’ 

158 17 20*9 

5*67 

. 1 B; R; r 

* ^ 

962 

2698 ; 



4 64 31*9 

-0*335 1:: 

159 24 10*2 ' 

! 5*66 

' 1;: vF; S; 1st of 4 

‘ 1 1 

963 

2699 i 


A. 114 

4 54 49*4 

-0*339 : 2 

159 25 17*8 

; 5-64 

. 2 B ; pL ; R : gbM ; r ; 2nd of 4 

2 

964 

2692 i 



4 .54 5M 

+ 2*440 1 

116 14 38*2 

' 5*56 

! 1 F; vL; viitFi; vgvlbM 

: 1 

965 

342 ; 



4 54 58*2 

+ 2*994 . 1 

93 30 26*1 

■ 5*53 

1 :eF; vS; *12, sf 

; 1 

966 

2702 i 



4 55 7’9 

-0*335 : 1:: 

159 2 

3 11-7 

i 5-61 

1:: F; S; 3rd of 4 

1 

967 

2701 i 



4 55 12*5 

-0*006 ; 2 

157 23 32*0 

; 5*60 

' 2 Cl; pS; IRi; stvS 

2 

968 

2704 1 



4 55 13*8 

-0*340 , 1 

159 25 6*0 

! 5*60 

' 1 pB; vS; R; 4th of 4 ......... 

1 

969 

2703 ; 



4 55 16*5 

-0*166 ; 1 

158 24 26*3 

i 5-59 

1 vF; R ; p of 2 

1 

970 


vni. 43 


4 55 18*9 

+ 3*630 ' 1 

66 33 18*3 

, 5-49 

1 Cl;stL, vc.sc 

: 1* 

971 

2705 ! 


1 

4 55 19*4 

— 0*456 ; 1 

160 

1 59-0 

i 5-60 

1 eF; pL; iR 

1 

972; 



D’Arrest, 49 

4 55 

26 

+ 2*88 [2] 

98 26 48 

1 5-49 

; 2 F; pL; pniE; 2 or Sstllnf... 

' 0 

973. 

2708 I 



4 55 36*9 

-0*581 : 1 

16O 39 49*9 

• 5-57 

1 I": S; R; *13att, ISo" 

1 

974, 

2707 1 



4 55 

37*8 

-0*3.50 1 

159 27 21*9 

I 5-57 

] vF; S; K 

' 1 

975, 

343 i 



4 55 

45-0 

’ +2*962 , 1 

94 55 35*9 

I 5-47 

; 1 vLdiff neb in zigzags?? 

: 1* 

976] 

2706 

i 

A. 167 

4 55 49*5 

, 0*266 , 1 

155 25 43-1 

i 5-53 

1 vB; pL; R ; gbM ; f of 2 ... 

' 1 

9771 


vn. 21 


4 55 55*7 

i 3*634 j 1 

66 25 21-1 

1 5*43 

' 1 Cl; pC; StL and S 

1 

9781 

2700 




4 56 5*5 

2*037 1 

128 5 

5 2-2 

1 5*46 

' 1 vF; pL; vglbM 

i 1 

9791 

2709 



4 56 

15*6 

0*087 i 1:: 

156 43 53*0 

I 5*50 

1 1: : vF; S; 3vSst inv 

: m 

980 

2710 



4 56 19 0 

0*093 3 

156 41 5*0 

1 5-50 

: 3 Cl; L; inC; | 9 

3+ 

981i 


III. 453 


4 56 24*5 

3*104 : 1 

88 34 31*3 

; 539 

! 1 vS; vF 

1* 

982| 

2711 



4 56 31*9 

+ 0102 1 5 

156 37 13-3 

i 5*49 

5 ;vB; vL; viinE j 

5t 

983' 

2713 



4 56 42*0 

-0-092 i 1 i 

157 54 38*9 

‘ 5*47 

' 1 :vF;S;R 

1 

984; 

2712 



4 56 51*7 

I +0-631 ; 2 i 

152 14 11-8 

5-44 

i 2 icF;S; R;glbM ‘ 

2 

985; 

2717 



4 57 15*1 

: -0-543 i 2 ' 

160 26 16*8 

5*44 

; 2 ;cF;S;gbM .-1 

2 

5062! 




4 57 18*4 

! 1 

159 36 32*1 

i 

i . v8ee No. 5062 j 

1 

986; 

2718 



4 57 22*2 

! -0185 ! 1 

158 28 4*4 

5*42 j 

1 F:S;R;gbM 

1 

9871 

2716 



4 57 29*6 

! +0-091 i 5 

156 39 56*0 

5*40 1 

5 B; L; iH; vsnibM * 10 | 

5t 

988; 

2715 


A. I69 

4 57 39*7 

i -0-213 2 

158 37 42*3 

5*39 1 

2 Cl + neb; pF; pRi; stll...lSj 

2 

989 

2720 



4 57 48*0 

; +0-509 1 ! 

153 20 44*2 

5*36 i 

1 vF; niE: glbM; *7, 8np ...| 

1 

990 

2722 




4 67 48*9 

1-0*416 3 j 

159 46 2-3 

5*39 j 

3 pB;pJ':iF;n‘ 1 

3 

991 

2721 



4 57 50*3 

+0*105 1 

156 33 59*9 

— 5*37 j 

1 pF; pL; iR; 2 or 3Bstnr ...1 

1 
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SIE J. r. W. HERSCHEL’S CATALOGUE 


ot i , 

Cata- Sir J. H.’s jSir W. II.'s 
logue : Catalogues ; Classes 

1 of NebuLr. j and Nos. 

Other 

Authorities. 


b. ‘ H. 


1 993; 

2723 i 


i 993; 

2725 ! 


d94 

2724 ! _ 


995: 

2728 i : 

996; 

344 !vm. 61 

! 

r 345 ]; 

1 

997; 

/ = VIII. 500 

i 

i 

I2714J ' 

1 

998' 

. . III. 268 


999' 

2727 - 


1000 

2726 


iooi: 

2719 


1002, 

f]47) 

1 

1003: 

2729' : , 


1004 

2731 : 


1005' 

i V. 32 


10061 

2733 ^ ' 


1007 

346 : i 


1008 

3734 i j 


1009! 

3730 ! : 

A. 531 ? 

1010 

2736 ; 1 


1011, 

3738 , 

A. 81 

1013 

2735 


1013 

2732 ' > 


1014! 

2739 1 

1015; 

vm. 41 

loiei 

2737 i 


1017' 

2742 ; 


1018: 

2741 J 

A. 233? 

1019 

2745 ' i 


|1020 

348 i 


!io3i; 

2740 ...... i 

A. 549 

il033! 

2747 ! 

il033 

2746 1 

A. 235 

il024; 

2743 i 

iiOSo' 

2744 ; 

9026- 

2752 ; 


11027' 

2748 ' I 


1028; 

2753 1 


1029 

2750 ' i 


1030 

349 . VII. 4 j 


1031 

2749 ; 1 

A. 236 

1032 

2754 ' : 


1033' 



1034, 

2758 ! 


10351 

2755 ! 


1036; 

(^99) i 


1037! 

2757 ! 


1038j 

2751 : 


1039 

2761 ! i 

1040 

2760 ; 


1041; 

2762 1 


1042 

2759 1 

A. 246 

1043 

i 11. 292 


1044 



1045: 

2764 j .... 


1046: 



I047j 



1048' 

2769 i ! 


1049! 

2767 1 

1 Br. 895 


Annual 
i Precession ' No. i 


Annual ! 
Precession No. 

of 


Ascension j in 

for j Eight 

' 1860, Jan. 0 . 1 Ascension 

i j for 1880. 

of 1 Distance 

Ob.s. 1 for 

used. 1 1860, Jan. 0. 

j 

in 

N.P.D. 

for 

1880. 

1 b 

m s 1 8 





’ 4 

58 11-0 : -0*027 

3 157 

27 

6-5 

-5-35 

! 4 

58 18-6; -0*590 

1 160 

38 

26*5 

5*35 

i 4 

58 23-2 i +0-093 

1 156 

38 

1*4 

5*32 

i 4 

58 28-2'— 1-562 

1 ;i64 

29 

44-2 

5*36 

; 4 

58 35*7' +4-041 

1 ; 53 

8 

20-3 

5*19 

i 4 58 37*6; +2-860 

3 1 99 

20 

30-1 

6-23 

4 

58 42-9: +2-643 

1 108 

22 

53-0 

5-31 

4 

58 43-5 , -0-390 

2 159 

36 

16-7 

5-31 

4 

58 44-0; +0-153 

2 156 

11 

37*6 

5-28 

4 

58 56*6 ! +2-797 

1 102 

4 

3-7 

5 21 

4 59 12-2 -0-294 

1 159 

3 

36-9 

5-27 

4 59 20-7 ; -0-109 

3 ,157 

o7 

2-5 

5*25 

4 59 52-1 i +0-170 

1 156 

2 

39*3 

5-19 

4 59 55-9; +2*993 

2 : 93 

32 

59*7 

3-11 

4 59 57*5 ; -0-926 

1 ' 162 

5 

37*4 

5-22 

0 

0 12-6i +4-723 

1 38 

7 

8-8 

5-04 

5 

0 20-2 —0-542 

1 160 

21 

49*6 

5-18 

5 

0 23-9: +2*056 

2 128 

11 

33-0 

5-10 

5 

0 36-4 -0-426 

2 159 

45 

22-5 

5-15 

5 

0 58*7 . -0*472 

1 159 

59 

38-4 

5-12 

5 

1 I-O +0-710 

2 151 

19 

31-6 

5-08 

5 

1 10-9 +2-260 

1 122 

8 

40-1 

5-03 

5 

1 34-1 -0-440 

4 . 159 

48 

27*9 

5*07 

5 

1 44.4 3-647 

1 66 

4 

49*» 

4-94 

0 

1 51-5 • + 1*544 

1 139 

45 

48*3 

4*99 

5 

1 51-9 -0*344 

2 159 

16 

55-8 

5*04 

5 

2 1-9: +0-128 

5 . 156 

18 

4-4 

5*02 

5 

2 31-5! -0-159 

1 158 

11 

17*6 

4*98 

5 

2 37*5 ; +3-453 

1 73 

39 

38*9 

4-87 

5 

2 50-1 : +2-071 

2 127 

41 

47*0 

: 4-90 


3 4*7 1 - 0*448 

1 159 

49 

11-8 : 

i 4-94 

5 

3 9*1 1 +0*086 

5 156 

34 

15-4 

1 4-92 

5 

3 16-9 '■ +2*340 

2 119 

27 

56*5 

4*85 

5 

3 27*3 ; +2-341 

2 119 

26 

i 

4-83 

5 

3 54-8 1 -0-5»6 

1 160 

30 

43-6 1 

4-88 

5 

3 55*4 -0*054 

2 .157 

29 

41-2 ; 

4-86 

5 

3 56-0 , —0*648 

2 160 

48 

.‘53-6 1 

1 4-88 

5 

3 55-7 i -0-048 

1 1 157 

27 

2-5 i 

1 4-85 

5 

3 59*1 +3-458 

2 ; 73 

28 

42*5 ; 

1 4-75 

5 

4 2-0; +0-076 

6 156 

37 

3-5 

1 4-85 

5 

4 22-1 i -0*049 

1 :i57 

26 

48-4 i 

! 4-82 

5 

4 47-9 +0-104 

1 il56 

23 

46*6 j 

1 4-78 

5 

4 51*8 ! -0-595 

1 :i6o 

31 

53*0 j 

1 4-80 

5 

4 53-31 +0-834 

2 ,149 

54 

12-5 1 

i 4-75 

5 

5 2-2I-0-.328 

1:: 159 

7 

51*0 

I 4-80 

5 

5 10-7'! +0*101 

1 ,156 

24 

57*5 

i 4-75 

5 

6 12*81+2-088 

1 ;i27 

9 

17*3 

4-69 

5 

5 16-9 i -0-411 

4 j 159 

34 

33-2 

4-76 

5 

5 22*7 i -0-177 

! 1 ; 158 

14 

14-8 

4-74 

, 5 

5 33-9 i -0*403 1 

! 4 !i59 

31 

45*1 

4-73 

; ^ 

5 35*8 j +0-275 

I 2 1155 

6 

40-7 

4-71 

5 

5 52*9 1 +2-702 

1 105 

53 

13-4 

4*62 

; 5 

5 56-2 j -0*679 

1 1 ;i60 

55 

5-7 : 

4-71 

5 

6 3-3 ; 0*381 

1 ,159 

23 

56-5 

4-68 

5 

6 3*7 i 0*415 

4 ,159 

35 

14-6 

4-68 

i 5 

6 12*5: 0*278 

2 '158 

48 

40-9 

4-67 

5 

6 .28*01 0*677 

2 160 

53 

56-2 

4-66 

1 ^ 

6 32*8 -0*246 

i 1 158 

37 

28-8 j 

-4-64 


Summary Description from a 
Comparison of all tho 
Observations, Eemarks, &c. 


Total 
No. of I 
times 
jofObs. 
by h. 
and H. 


3 
1 
1 

1 jeF; L: 

1 


B; S; R; smbM; J + ueb ...1 3 

jeF; pL; ill | 3 

F; S; R;gbM 1 

- f. 


Cl;pC; lRi;iF;stL | 2 

;pB; S; R; j 


!eF; vS; stellar 

0; pB; S; R; pnibM- rr 
eB; L; R; vgprabM; r 
,pB; pL; vlF.; vgbM ; am st 

;.Vo description ....^ 

’vB; pS; IE; vsvmbM:)|t9 ... 

L'l:vL;pRi ' 

.B; cL; R; bM > 15; *10,^ 

vF; pS; R; vglbM ' 

Cl group ot H or 9 stlO ! 

,eF; S; R : 

vB; vL; mE314"; glb.M; rr . 

F;S;R;glbM 

r;pL;lE ' 

pE; pi>; pniE; vglbM 

pB; praE; gpmbM; *131 ... 
F; pL;R:vglbM;pol2... 

;(-'t;.«tc<c 

F; S ; R ; vglbM ; #1 Isf; ? neb 

F: 8; R; bM I 

!B; vS; vsnibM; st-f neb 

pH:L;gbM I 

Cl; pRf; stL and S 

B; L; E; p4)M 

nF; .8; R; gbM; 3fid of 3... 

cF; .S; R; IbM; 0f 

cF; S; IE; p ol 3 

F; 8; H; glbM; f of3 ^ 

vF; 8; R; r i 

vF; R ; s of 2 in Cl ....■ 

F; vS; R; vibM; am st j 

'vF; R; 3nd neb in Cl ' 

'Cl; L; Ri; 1C; stll...l4 ...1 
0; vB; pL; R; vmC; rr ,..i 

,C1; iiL; Ri; C; IF : 

vF; 8; p of 2 ' 

Cl;pF;L;iF;stl3...I5 ... 

'vF; pL; vmEi63=-0 • 

CNo description ^ 

;vF;S;fof2 | 

'vF; vrnE; long ray; lifllinv.' 

'F; S; R; IstofS 

iF;pL;R;r 

|F; pS; R; 2nd of 3 

:B; L; R;glbM;r 

|pB;iR;mbM;cSnfF .. 

ivF; pL; 1st of sev 

:0?B;eS;lE 

jcB; S; R; gmbM; 3rd of 3..j 

ist-fneb; 1st of sev 

|C1; L; Ri; st sc 

!Ci;L;vlC 



OF llfEBULiE AND CLTJSTEES OF STABS. 


65 


No. 


Eefcrenos to 

Right 

Annual 

Precasiou 

No. 

North Polar 

Annual 

Precession 

No i 

Total 
No. of 

of 

Cata- 

logue. 

Sir J. K’s 
Catalogues 
of Nebulie. 

Sir W. H.’8 
ClaBaea 
and Nos. 

Other 

Authoritia. 

for 

I860, Jan. 0. 

Right 
Ascension 
for 1880. 

Obs. 

used. 

UisUiiiue 

for 

1860, Jan. 0. 

N.P.D. 

for 

1880. 

j Comparison of all the 

Observations, Remarks, 

times 
of Obs. 
byh. 
andH. 

1050 

h. 

2768 

H. 

A. 170? 

h m s 

5 6 38*4 

8 

-0*278 

2 

158 48 37*5 

-4*65 

2 jst+neb; pB; iF; 2nd of sev 

2 

1051 

1052 

2771 

2788 



5 6 46*2 
5 7 1-6 

0*909 

9*684 

1 

1 

161 56 6*8 
174 12 38*6 

4*64 

4*88 

1 iF; R; bM; i'(?rain. of R.A.) 
1 ipF; L; iR; vsbMi r 

1 

1 

1053 

1 2772 



i 5 7 20*8 

; 0*060 

2 

jl57 27 15*9 

1 4*57 

i 2 {vvF;R;pof2 

2 

1054 

! 2773 



1 5 7 36*6 

i 0*068 

4 

157 29 56*8 

i 4*54 

1 5 ipF; pL; R; gbM; f of2 

1 5 

1055 

2770 



5 7 38*3 

0*651 

i 2 

: 160 44 41*2 

1 4*56 

i 2 iCl; vlCM; st9, 11...16 


1056 

; 2774 1 



i 


' 5 7 45*1 

! 0*089 

i 

; 157 37 57*8 

1 4*54 

1 4 ;pB;cL;R; vglbM;r 

4 

1057 

: 2775 i 


i 

1 5 7 56*4 

' 0*343 

! 2 

i 159 8 54*1 

1 4*53 

1 2 iB; S;1E; *mM 

2t 

1058 

; 2776 : 


1 

1 5 8 5*8 

-0*785 

i 1 

!161 21 52*1 

! 4*53 

: 1 'Ci;vlC;st9, 

• j 1 

1059 

; 2778 : 



; 5 9 20*8 

: +0*078 

! 1 

h56 28 44*3 

j 4*39 

j 1 lvF;S;lE;glbM !. 

1 

1060 

2780 


j A. 170? 

j 5 9 25*2 

! -0*309 

! 6 

,158 55 47*0 

, 4*40 

j 6 0! vB;L; IE; vmCM; rr.. 

.! 6 

1061 

2777 


i A. 508 

I 5 9 29*8 

j +1-970 

■ 2 

j 130 12 20*1 

i 4*33 

1 2 j©!vB; vL; R; vswbM 

; 3 1 

’i i 


jlOGS 2781 

1063 2779 

1064 2782 

1065 2783 

Il066 2784 


350 VIL 33 
2785 I 


5 9 41*5 ; — 0*145 
5 9 51*6 ! +1*019 

! 5 10 2*3 i- 0*327' 
! 5 10 8*1 I 0*326 
: 5 10 20*3 ' -0*379 ! 


4 '157 56 58-9 

3 : 147 33 40*1 : 

5 ■ 159 1 12*5 ' 

1 159 0 38*8 ' 

3 '159 17 59*1 : 


rrr. j 

4 ip; pL; R; vglbM ; 

3 |F; 8; mE 45’; vgvlbM; *11! 

I nf* I 

5 !0; cB; S; R; gbm; 2d of 3 ! 

1 'Cl; vB; L; R;stl2 ! 

3 B; pL; R; gbM; 12" diani! 

1 R.A. I 

1 Cl; pRi; pC; st7 i 

7 !B; L; iE; biN; Ci + ueb 
1 ■'F;S;R;vgbM;*7of6'..j 

1 ■F;pL;R;vgbM ! 

1 ieF;pL: R;gv}bM 1 

1 jpF; L; ill; vgbM; r ! 

5 vB; v8; R; r or stellar ! 


2816 

2811 

2815 

351 

2818 

2817 

353 vm. 



5 12 56*3 

0*130 

3 

157 47 15*6 

4*08 

2 |F ; pS ; iR ; bM ; r or stellar. .. 

■ 2 

A. 173?? 

5 13 6*0 

-0*321 

3 

158 55 .37*6 

4*08 

3 jvF; pL; R; vglbM 

3 

A. 247? 248? 

5 13 11*3 

+ 0*185 

1 

155 37 35*2 

4*06 

1 ivB; L; R; vgtnbM; r 

1 


5 13 27*1 

+ 0*071 

1 


4*04 

1 ieF;pL;R 

1 


5 13 41*5 

+0*376 


154 6 36*7 

4*01 

2 fpB; pL: R: vgibM 

oi 

A. 210 

5 13 58*4 

-0*092 

3 

157 32 7*0 

4*00 

2 Cl; L; pRi; stsc 

2 



5 13 59*0 

0*386 

2 

159 16 29*7 

4*01 

2 iB;S;R;g!bM 

2 



01 05 

2 

157 36 46*0 

4*00 


0 


5 14 7*8 

0*423 

4 

159 28 12*0 

4*00 

4 jpB; R ; gbM; 1st of group... 

4t 


5 14 8*8 

0*086 

1 

157 29 23*3 

3*99 

1 ChSrdofsev 

1 


5 14 9*6 

0*434 

1 

159 3] 55*0 

4*00 





5 14 16*2 

0*432 

4 

159 31 1-6 

3*98 

4 ipB; ill; biN; 2iid in group.. 

4t 


5 14 19*0 

0*434 

1 

159 31 50*6 

3*98 

1 jvF; 3rd of group in Cl 

1 + 



5 14 26*2 

-0*651 

1 

160 37 52*6 

3*98 

1 jvF; IE; gvlbM; r 

1 



5 14 37*2 

+ 2*244 

1 

122 17 45*6 

3*88 

1 IvF; L; R; vgvIbM; j!fl2p ... 

1 



5 14 37*9 

-0*435 

1 

159 31 47*2 

3*96 

1 '4th N, of neb in Cl 

If 



5 15 3*1 

-0*421 

1 

159 27 2*4 

3*92 

1 ivF ; 1 p 

If 


5 15 15*7 

+ 0*091 

1 

156 16 34*6 

3*88 

1 ipF; R; VgvlbM; r 

1 


5 15 28*7! 

4*452 i 

1 

43 35 54*8 | 

i 3*74 

1 +1; vF;pRi;pC;iF 

i 1 


5 15 45*0 

0*084 j 

1 

156 18 45 8 1 

! 3*84 

1 jeF; pL 

; 1 


5 15 47*4 

0-362 ' 

1 

159 7 24*2 1 

i 3*86 

1 pB; vS; R; bM 

! 1 


5 15 53*7 

0*06l 

j 

1 

156 28 16*1 

3*83 

1 ‘vF; vS; R ; ^|ep25^ 

1 1 

i 1 


5 16 3*7 

+ 2*802 i 

2 

101 38 3*8 

3*74 

2 ipB; pL; R; r 

2 

R. nova 

5 16 


... 

101 38 


... 1 Makes a close D neb with 
; h. 352. 

0 


5 16 5*8 

-1*017 

1 

162 13 55*5 

3*85 

1 !vF;S;R;glbM 

1 


5 16 20*8 

+ 2*124 

1 1 

125 51 33*8 

3*74 

1 Cl; L; be; J taken... 

1 


5 16 31*9 

+0*245 

! 2 

155 6 43*9 

3*77 

2 icF;pL; E 90 =+; VglbM ...! 

2 


5 16 32*3 +3*935 

i 1 

56 44 33-9 

3*67 

1 ICl;L;Ri;lC..... ! 

1 


5 16 56*7 

-0*457 

1 

159 36 42*2 

3*76 1 

1 iF: pL; R; sbM; r; st inv ... 

1 


5 1 7 3*n 

0*093 

4 

157 28 36*8 

3*74 j 

4 ipF; pL: R; ovlbM 

4 


5 17 8*1 

+3*802 


69 58 11*1 

-3*63 j 

I;:C!; vlRi; vlC;st9...12 

3 
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SIR J. I. W. HERSCHEL’S CATALOGUE 


of ! 

'Cabi-;Sir J. H.’&: 

logue.; CatJilc^ueg 
j j of Nebula? 

Si? W. H.’s] 
Ciassm ^ 
and Nos, 

1 1 h. i 

H. 

1105 2820 j 


1106 2822 I 


1107! 2821 : 


IIOS! 2819 


1109! 2824 



1110 ; 2823 
linl 2825 

1112 ; 

Ills; 4016 
1114! ,354 

1115; 

1116 


4016 

,354 VII. 3 


1 2842 

l| 2843 i 

2 2844 ! 

3, 2845 I ..... 

6:}-8« I 

6' 2847 i 

i\ 2846 ! 

8 2849 i 

9; 2850 ! 


2852 I i 

2851 I 

2854 j , A. 237? 

2855 

2856 I 

2857 I 

2859 

357 M. 1 

2858 

2862 

2853 111.590 

2863 I A. 211 

2874 I I 


Right 

Ascension 

for 

1860, Jan. 0. 

Annual : 
Pm?e88ion j 
in i 

Eight : 
Ascoision 1 
for 1880. 1 

No. 

of 

lbs. 

used. 

North Polar 
Distance 
for 

1860, Jan. 0. 

j Annual 
Pre«S8ion 
in 

N.P.D. 

for 

1880. 

j Bumiiiaiy Description from a 

1 Comparison of all the 

^ J 1 Observations, Remarks, Ac. 
usecLj 

Total 
No. of 
times 
of Ob®, 
byb. 
and H. 

h m 8 

S ! 



20*6 


1 


5 17 44-0 

-0*112 1 

1 

157 35 

-H8 

1 ieF;S;R 

1 

5 17 5M 

-0*495 ; 

1 

159 47 

44*6 

3*68 

1 jF;pS;R... 

1 

5 17 5S-4 

-0*180 

1 

158 1 

7*2 

3*66 

1 1F; pS; R; VglbM; SstlOp ... 

1 

5 18 1*2 

+ 0*475 1 

2 

153 10 

14*8 

3*64 

2 |F; pL; IE; vgvlbM; #7np... 

2 

5 18 7*8 

! -0*302 1 

1 j 

158 44 

6*2 

3*66 

1 ;Ci; BM;lRi;st7 

1 

5 18 14-1 

i +0*013 1 

5 1 

156 46 

1*1 

; 3*63 

1 5 |0; pB; pL; R; pmbM; rr... 

5 

5 18 22*1 

-0*436 1 

5 ! 

159 28 

39*8 

: 3*64 

; 5 !vB;S;R;gmbM 

5 

5 18 25-6 

+2*469 , 

A 1 

114 39 

39*5 

; 3*55 

1 j0; pL; eki; eC; rrr i 

4 

5 18 36‘3 

-0*087 1 

1 

157 25 

24*7 

: 3*61 

- 1 ;F; S; R; r 

1 

5 18 42-6 

+ 4*001 1 

8 ; 

54 48 28*6 

j 3*48 

1 3 ;ci;pRi;pC;R;st9...12 ... 

^ 5 

5 18 52-3 ! 

' 3*011 I 

1 ; 

92 39 

22-0 

j 3*30 

1 1 v diffused neb su.«p 

i 1 

5 19 10-4! +2*881 , 

1 1 

98 15 

15*9 ; 3*47 

• i”'eL; strongly susp (2'' in 

1 







i i P.D.). i 


5 19 10*4 

-0*416 

4 1 

159 21 

30*9 

, 3*5/ 

i 4 CI;E;pRi;iR;stll,..l6... 

4 

5 19 13-2 

-0*010 

1 

156 54 

4*5 

3*55 

■ 1 F; R; gbM; am St 

1 


: 5 20 10*1 

0*496 

1:; 159 46 ii3'0 

3*48 

1: 

; 5 20 15*1 

0*030 

1 157 0 57*2 

3'46 

1 

5 20 33*0 

0*014 

7 , 156 54 44*8 

3*44 

7 

5 20 33*9 

0*527 

1 159 55 8*5 

3*45 

1 

' 5 20 52*9 

-0*469 

1:; 159 36 35*4 

3*42 

1: 

j 5 21 6*5 

+ 0*168 

1 . 155 36 58*6 

3*38 

1 

I 5 21 8*1 

2*947 

2 i 95 26 56*0 

3-30 

2 

; 5 21 22*2 

+ 0*113 

1 il56 0 17*2 

3*36 

1 

. 5 21 40*7 

-0*480 

3 ,159 39 51*5 

3*35 

3 

5 22 0*7 

+ 2*875 

1 j 98 29 41*4 

3*22 

1 

; 5 22 1*5 

-0*473 

2 ,159 36 55*4 

3*32 

2 

, 5 22 1*9 

-0*198 

1 ; 158 3 33*7 

3*31 

1 

i 5 22 3*0 

+ 1*666 

2 , 136 51 6*2 

3*26 

2 

, 5 22 10*0 

3*96» 

3 1 55 52 3*6 

3*18 

3 

1 5 22 14*9 

+0*074 

5 ' 156 16 28*3 

3*29 

5 

1 5 22 21-3 

-0*197 

1 '158 2 52*6 

3*28 

1 

; 5 22 24*9 

0*204 

4 ! 158 5 19*6 

3*28 

4 

' 5 22 41*6 

0*207 

6 158 6 22*5 

3*25 

6 

1 5 22 43*6 

0*195 

1 :i58 1 49*5 

3*25 

1 

! 5 22 45*6 . 

0*564 ; 

4 ; 160 4 39*2 ' 

3*26 

1 4 

.. ^ 5 22 54*5 j 

-0*082 

2 : 157 18 47*1 ' 

3*23 

1 2 

.. ; 5 22 55*3' 

+ 0*039 ! 

1 ; 156 30 33*4 ; 

3*22 

! 1 

5 23 51*4, 

+ 0*358 ' 

2 ; 154 4 25*8 j 

1 3*14 

! 2; 

5 23 53*2 1 

-0*608 j 

3 1 160 16 48*9 j 

j 3*17 : 

! 3 

1 

.. 5 24 26*6 ' 

-1*138 1 

1 : 162 36 15*8 i 

1 3*14 ' 

1 1 

.. 1 5 24 48*3! 

+ 0*025 I 

1 ; 156 34 43*9 i 

1 3*07 ‘ 

1 1 

^ 1 5 25 8*5 1 

1 0*034 i 

i 1 1156 30 29*8 j 

1 3*04 

1 

.. 1 5 35 37*5 

0*255 ' 

! 1 i 154 52 39*3 

1 2*99 

1 

1 5 25 40*3 

+ 0*051 

i 1 156 23 6*3 

2*99 

1 

; 5 25 47*4 

-0*296 

i 1 !158 35 32*3 

! 2*99 

1 1 

.. ; 5 25 50*5 

-0*561 

1 2 160 1 23*3 

j 2*99 

1 2 

5 26 3*9 

' +3*605 

1 1 i 68 5 10*5 

! 2*85 

1 i 

... 5 26 4*1 

I +0*003 

1 2 1 156 42 31*2 

1 2*96 

i 2 

... 5 26 16*7 

1 -0*362 

! 2 1 158 57 2*5 

1 2*95 

! 2 

,.. i 5 36 24*5 

j +2*738 

1 !104 9 58*5 

i 2*85 

I 1 

i 5 26 31*0 

; -0*137 

1 1157 37 22*4 

1 2*92 

, 1 

; 5 26 39*9 

j -3*085 

2 { 167 61 34*3 

i -2*99 

' 2 


(2) Cl; I!; vL; vRi; iF; sfc L& S 7 

1 :: No deacrijttion 1 

; 2 F;L;iE ! 2 

; 1 ,eF; pi ' 1 

3 B; S; R ; vg\mbM; r 3 

' 1 .vF;L;R;vglbM ; 1 

1 :: Xo dt'bcriptiun ' 1 

1 C!;t;F;L:iR;mC;rr ; 1 

7 pB; |iL; R; vgbM 7 

' 1 vF;pS;lE;r 1 

I li-.CSee No. 5063} ' 1 

, 1 ;vF;pS;R 1 

i 2 ,vF; pL; iR; St Jir 2 

j 1 Cl;vlRi;}C;s>tl0 1 

j 3 ipB; pL; iU ; r; iu diff n 3 

1 ,1)16 used nebulosity | 1* 

; 2 |pF;pL; R;gbM‘ ’ 2 

; 1 iF; p oi' group ’ If 

; 2 ipF; S; R; bM; 4B St p : 2 

, 3 |vJ3; L; R; b ** in M j 4t 

I - I fpB; S; R; suibMl D neb ' 1 .. 

! " If O'; H; stellar /26=,80'' ;F 

I 1 ,2nd neb of group i If 

I 4 ,pF; S; R; 3rd of group j 4t 

I 6 1 .'; pB; S; R; 4th of group ...| 6t 

I 1 ivF; pL; follows a group....,.! If 

i , i;pB:pS;R;glbMlDneb h 

! F;.S;R ; glbxMj 339-1,50";/^ 

I 2 jpB;vS; R;bM;2st9&10f; 2 
I 1 ;vS;neb+st ] I 

I 2::,eF; stell; ^Urueb 2 

' 3 jpF; pS; iR; vglbM; #15, 3 

I I 190''6, 60" 

i 1 ipB;pL;R;bxM 1 

! 1 jeeeF; vvL; irr ditf 1 

1 pF;R;gbM;r 1 

I 1 |pB; L; R; glbM; #9ap 1 

I 1 fCl;cL; Ri;stl3 I 

1 :pB;S;R;psbM 1 

I 2 |The 1st of a group of 71 

I 1 vB; vL; El35°;+ ; VglbM; r 12f 

i 2 !B;lE;sbM| lO&ll 2 

! 2 |pB;S;R;glbM... 2 

: 1 vF;S;Ii;smbM 2 

1 'Cl; Ri; 2nd of sev 1 
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Ko. 

of 

Cftta- 

logufi. 

References to 

Right 

Ascension 

for 

18GO, Jan. 0. 

Annual { 
Precession i No. 
in ■ of 

Right 1 OIh. 
Ascension * used, 
for 188(K 1 

North Polar 
Distance 
for 

1800, Jan. 0. 

Annual ! 
Precession 

N.RD. 

for 

18b0. 

1 

Summary Description from a 
used ' Comparison of all the 

Observations, Remarks, &c. 

ToW 
No. of 
times 
ofObs. 
by h. 
and H. 

Sir J. H.’8 
Cataiogiia 
of Nebula 

Sir IT. H.’8 
Classes 
and Nos. 

Other 

Authorities. 


h. 

H. 

1 

h 

m 

R 

B 


159 57 22*7 




1163 

2864 



5 

26 

46*8 

-0*550 

3 

-2-91 

3 iF; pL; iR; vgbM- «>nfl of 

3t 










1 group! 


eRG.*! 




26 

50*2 

-0-569 

I 

160 2 51*7 

2*91 



1165 

2866 


A. 136? 

5 

27 

15*3 

-0*36.3 

1:: 

158 57 7*3 

2*89 

1 ;vF; pL; R; 1st of 4 1 ° 

l*t 

1166 

358 


M.36 

5 

27 

3*1 i +.3*966 

3 

55 57 28*2 

2*76 

S Cl;B;vL;vRi;lC;st9...ilsc 

9 

1167 


m.747 


' 

27 

11*2 

+ 6*681 

1 

20 35 59*9 

2*67 

1 ,cF; pL; iF; mbM; er; * in\ 

1* 











! (?P.D.). 


1168 

2867 


A. 136? 

5 

27 

32*7 

-0*358 

2: 

158 55 26*2 

2-86 

2::'F; S; 2nd of 41 

1 2*f 

1169 

2861 



5 

27 

17*2 

+ 2*094 

1 

,126 28 48-3 

2-79 

1 d;st8...11 

■ 1 

1170 

2860 

IV. 21 


5 

27 

26*0 

+ 2*536 1 1 

112 2 39*9 

1 

! 2*77 

1 F; vS; R; vsvml)M*12; Sslj 2 


i 


i 








rCli pL; iF; 1st 9;! 


1171 

1 2868 


! A. 136 

5 

27 

37*6 

-0*361 

4 

158 56 0*7 

' 2-84 

4 :<( + group of 4n neb pB; )> < 



i 










I^R ; psIbM ; 3rd of 4 J 

Li 1 

1172 

(456) 



5 

27 

43*2 

0*411 

3: 

159 12 33*1 

; 2-83 

2; No description 

.i 2 

I1173 

, 2870 



5 

27 

44*2 

0*132 

1 

157 34 9*4 

' 2*82 

1 Cl; Ri; 3rd of sev 

.i 1 

{1174 

2872 

1 


' 5 

27 

46*7 

0’55.3 

1 

; 159 57 36-7 

i 2*82 

i 1 ;F; S; 4th of gr of 7 

. It 

1175 

; 2869 

1 


, 5 

27 

50*4 

0*361 

1; 

158 56 34*5 

; 2-84 

1;: 4th of 4 

. in 

1176 

2875 



5 

28 

1*0 ' 0*556 

1 

■ l.'>9 58 24*7 

i 2*81 

1 5th of gr of 7 

It 

,1177 

' 2876 



■ 5 

28 

2*0 

0*555 

1 

159 57 .34*7 

: 2*81 

I 6th ofgr of 71 D; avSnebnp; If 

1178 

2877 


A. 213 

5 

28 

16*4 ' -0*129 

I 

157 32 .34*9 

! 2-77 

1 'Cl;L;irr 

■; ^ 

1179 

360 


f xM. 42= 1 
Orionis J 

5 

28 

24-0 

+ 2-945 

Ba.C 

! 95 29 10*9 

i 2*68 

B»A.c. ! I !; 5'Orionis & the great neb Mon.*t 

1180 


V. 30 

42, c‘ Orionis 

5 

28 

29*2 

+ 2*958 

BAC' 94 56 2*3 

' 2-67 

B.A c I !; c’ 42 Orionis & neb 

3 


'ii«i 

ill»2 

11183 

:li84 

;ii85i 

11186' 

;il87 

1188 

1189 

1190 

1191: 
111 92: 

{1193' 

|il94: 

1195| 

1196 ; 

I 197 i 

[1198! 

Ill99j 

1200 ! 

1201 

1202 

1203 

1204 

1205 

1206 

1207 

1208 
jl209 
1210 
I12II 
[1212 
[1213 

1214 

1215 


2878 


3Gl 

362 


2881 

2882 

359 

2883 

2885 


i i A. 238?? : 

111.240 ! 

! V. 31 . 44, t Orionis 


' xM. 43= , 

:lll. Vrr^ 144 Bo. > 
)rionis J I 


; 111. 865 i 


2»71 

363 

2884 

2873 

2887 

2879 


Chacoriiac 


2886 

2880 


2889 
2888 

2890 
2981 

2893 
(509) 
2895 
2892 

2894 

2897 

2898 
2899 

2907 


V. 34 j s Orionis 1 

I i 

iiL^9 j !!!”!"!!!! i 

1 ’*’** 

\ 

VIII. 42 I ..... 


i 


IV. 33 


A. 178?? 
A. 214? 


5 28 3M I -0'019 
5 28 32*9 +2*498 
5 28 .35*3 2*933 

5 28 36*5 ' 2*969 ! 

5 28 38*4 +2*948 ■ 

5 28 39*5 : -0*393 
5 28 39*8 ' -0*419 
5 28 41*1 , +3*897 , 
5 28 57*6: -0*581 
5 28 59*3 . -0*739 j 
5 29 4*0 +3*.581 ; 
5 29 5*5 : 2*279 ■ 

5 29 6*6 ; + 3*042 ! 
5 29 12*9' -0*1.30 ; 
5 29 13*9: +2*276 ■ 
5 29 20*4 i +2*644 I 
5 29 21*2 : -0*423 ' 
5 29 24*4 I +1*559 i 
29 32*9 I 3*711 i 
5 29 .35*3: 0*437 i 

5 29 37*1 I 1*559 j 

5 29 37*6 I +2*914 I 

6 29 45*0 ; -0*997 

5 29 51*1 0*.350 

5 30 25*2 I -0*048 
5 30 49*7 i +0*014 
5 30 .54-51 -0*110 
5 31 22*8 
5 31 26*5 
5 31 36-8 
5 31 44-8 
5 31 59*0 
5 .32 15*9 
5 32 40*9 
5 32 41*8 


,3 156 20 18*8 : 

1 113 26 9*6 

BAf' 96 0 21*0 

! 1 : 94 26 50*5 i 


2*74 

2-68 

2*66 

2*60 


I 3 vB; vL; IE; vgpnibM 3 

1 vF; vS; stellar 1 

BA.c vF; vvL; 1 44 Orionis inv ... 3 

; 1 Cl; vB; llli; stL, sc 1 


95 21 48*7 ! 2*65 


i 


.>ron.*t 


! .5 


0*541 
_0*06l 
+ 1*433 
+ 1*431 
-0*434 
0*764 
0*149 
-4*411 


1.59 5 49*5 

159 14 12*5 

; 58 6 38*4 ‘ 

160 4 57*4 ; 
i 160 50 5,3*1 1 
: 68 52 20*4 ' 

120 53 59*1 ! 
91 17 44*7 

157 32 21*3 
120 59 31*4 
107 55 16*0 : 
159 15 1*3 
138 46 56*4 

64 15 45*5 : 
153 18 40*5 . 
138 47 31*0 • 
i 96 48 42*9 I 
' 161 58 34*9 ; 

158 50 55*5 : 

156 59 13*3 : 
4 56 34 8*5 

157 2.3 18*5 : 

; 159 51 17*4 i 
! 157 4 8*3 : 
il41 1 12*1 ' 

; 141 2 52*1 = 

’ 159 16 53*2 i 

1 ;i60 55 58*8 i 
1 1 157 37 1*3 I 
1 ■ 169 37 24-4 ! - 


2*/ a 
2*75 
2*62 
2-72 
2*73 


2-63 

2*61 

2*69 

2*62 

2*60 

2*69 

2*62 

2*55 

2*65 

2*60 

2*57 

2*67 

2*65 

2*59 

2*55 

2*55 

2*52 

2*49 

2*43 

2*43 

2-46 

2*44 

2*39 

■2*52 


, f ! vB ; vL ; R, with tail ; I 

!\ J ' 

Cl;vL;pRi;iF ■ 1 

Cl; place of ■ 2 

|cF; S; R; psbM 2 

B;pL;R;gbM 4 

;F;L;iR;3stp 2 

!! I; variable (Chacornac) ... 0* 

vF; S; R ; IbM; st nr ; 3 

I!!; eL; £ Orionis inv 2 

;CI;4thofsev 1 

jeeF; vS { 1 

seF; vS; stellar !♦ 

lCl;eS; stll...l6 2 

ieeF; R; bM: diffic; p of 2.... 1 

jCl:L:IC;IRi ! 2 

!eF;cS;R ^ 1 

ivF; R;gbM;stS; fof2 2 

!Bf iuv in N. 4 

!F;pL;R;vIbM i 

ICl;stl3in 2 

|vB;S:R; l + nebinvLCL.. 2 

|B; S; stellar; r 1 

i©;B;pL;pRi; C;stl2 6 

; No description , 1 

iCReL; vRi;vBvSNM { 2 

eF;pL,‘R ....! 1 

eF;pL;R;vibM | 1 

pF;pS;R;glbM;mCI ! 4 

F;cL;R;vglbM 

vB; S; R; psrabM 

ivF; S;1E; bM; 2st9af ^ 
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Ivo. j 

Beferences to 

Eight 

Asoension 

for 

1860, Jan. 0. 

Annual 

Prece^ion 

in 

Eight 
Ascension 
for 1880. 

Ko. 

of 

Obs. 

used. 

North 
Eista 
for 
1860, J 

^lar 

Annual 

Precession 

No. 

of 

Ohs 

nsec 

1 

1 Summary Eescription from a 
Comparison of all the 

1 Observations, Eemarks, Ac. 

i 

Total 
No. of 
tiroes 
of Obs. 
by h. 
andH. 

Cata- ; Sir J. H.’s Sir W. H.’s 
logue.; Catalogues | Claases 
■ofKebuliE. ; andJv^os. 

Other 

Authorities. 

QCO 

m.O. 

lU 

N.P.D. 

for 

1S.S0. 

J 

L i H. 


h m s 

s 






1 * 


1216' 

364 i 


5 32 43-1 

+ 6-02 

1 

24 16 

50-7 

—2*21 

1 

Ci; villi; stll 

1 

1217’ 

2900 i 


5 32 48-0 

-0*177 

3 

157 47 

24-3 

2*39 

3 

ICI; pL; pC; iF; St 9...15 ... 

3 

1218; 

2901 1 


5 32 52*0 

0*448 

1 

159 21 

16*3 

2*39 


Cl; vL* Ri- vin . ... 

1 

1 

1219; 

2902 j 


5 32 57-5 

-0*583 

1 

160 3 

5-6 

2-38 

1 

F; vL;iR;’gbM 

1220 

2896 


5 33 7-7 

+ 2*643 

1 

107 55 

45-9 

O-QJ 

1 

•ClofLst 

1 

1221! 

2904 : 


5 33 16-8 

-0*819 

1 

161 10 

19-2 

2*36 

1 

,pB; pL; R; pgtbM; tlOpinv 

1 

1232 

2905 ; 

A. 98 

5 33 29-3 

0*624 

2 

160 15 

3-1 

2-33 

2 

E;pL;gbM 

g 

1223 

2903 

A. 218 

5 33 31*3 

0*180 

2 

157 48 

16-7 

2-31 

2 

,F; vL; vlE; vglbM 

2 

1224 

2906 



5 S3 46-9 

—0*139 

1 

157 32 

58-0 

2*30 

1 

vF: S: R; iapLCl 

1 

1225 

365 IV. 34 



5 34 26-4 

+ 3-283 


80 59 

3-8 

2-14 


0: pB; vS; vlE; r? 

4t 

1226 

IV. 24 


5 34 40*0 

3-0 19 

1 

92 18 

43-1 

2*13 

1 

B* ui M ofL, IE neb 

l*t 

1227 

' V. 28 



5 34 47-2 

+ 3*028 

2 

91 55 

43-7 

2-11 

2 

lirr; B; vvL; black sp iiicl ... 


1228 

2909 


5 34 47*8 

0*964 

1 

]6l 47 

23- L 


1 


1 

1229' 

1 VIII. 28 


5 34 4&’5 

+ 3-557 

1 

69 57 

43*0 

2*10 

1 

Cl; IRi; 1C; stpL ... . 

1 

1230 

2903 1 

A. 241 


—0*058 

3 

157 0 

29-6 

*2*18 


Cl; vL; Ki; stO...H 

3 

1231. 

2912 i 

A. 100? 

5 35 11-2 

0*585 

I 

160 2 

26-6 

*2*18 

1 

vF 

1 

1232 

2911 ! 

A. 240 

5 85 20-3 

-0*158 

2 

157 38 

43*5 

2-15 

2 

pB; pL; R; gbM; iiicLCl... 

0 

1233 

2910 1 


5 35 26*6 

+ 0-073 

a 



2*14 




1234 

2915 : 



5 35 33*9 

-0*804 

2 

161 5 

22*5 

2*15 


0; B; pL; K; gbM; n* 


1235 

2913 : 

A. 219? 

5 35 39-8 

0*162 

5 

157 39 

47*1 

2-13 

5 

B; L; E; 2n(iol 3 

5f 

1236 

(579) . 


5 35 45*4 

0-553 

1:: 

159 52 

28*8 

2-14 

1; 

• Ci; no (icscription 

1 

1237 

2914 1 


5 35 51*8 

0-055 

1 

156 58 

42*7 

2-11 

1 

Cl; vL; Ki 

1 

1238, 

2916 ; 

A. 220 

5 35 52*8 

0*163 

3 

157 40 

20*7 

2*11 

3 

B;L; R;bM;3rdof3 ...... 

3i 

1239 

2917 ; 


5 35 58*0 

0*416 

1 

159 8 

38*7 

2*11 

1 

vF;pL;R;gbM 

1 

1240, 

(593) : 


5 36 18*4 

0*553 

1;; 

159 51 

30*6 

2*08 

1: 

;Ci; no description 

1 

1241! 

2920 ' 



5 36 23*5 

-0*710 

3 

160 38 

22*6 

2-08 

3 

pB; S; R; gbM ; #9. up 6'... 

3 

1242 

366 ! 


5 36 25*7 

+ 3-2/3 

1 

81 25 

37*9 

1*97 

1 

Cl; \L;-lUi; IC 

1 

1243, 

2918 , 



5 36 27-9 

-0-160 

5 

157 39 

3*2 

2*06 

, 5 

F;'L;iR;glb.M;i' 

5t 

1244 

2919 


5 36 35*9 j 

0*070 

4 , 

157 4 

23*8 

2*04 

; 4 

B; 8; R; vglbM 

4 

1245' 

2922 ’ 


5 37 1*6! 

0-391 

1 • 

159 0 

17*4 

2*02 

; 1 

f'i; vL; ]{i; st 12...I5 

1 

1246' 

(608) 1 


5 37 7*7 

— 0-444 : 

1:: 

159 17 

32*7 

2*01 : 

' 1; 

• Cl : no description 

1 

1247: 

367^^ = 

Lai. 10842 : 

5 37 8*3 

j +3*375 

1 

77 10 

43*0 i 

1*90 

r 

*8, 9, with FiU'b 

1 

1248, 

2923 . 


5 37 IM 

-0*644 

1 

160 18 

59*7 

, 2*01 

1 

vF; R; gbM ; 1st of 7 

If 

1249' 

2925 : 



5 37 27-0 

i 0*635 , 

1 

160 IG 

15-3 ' 

' 1-99 

1 

[•;!?; IK; 2Eid of 7 

! ^ 

1250 

2926 ; 1 


5 37 35*8 1 

; -0*522 , 

1 

159 41 

40*9 

. 1-97 

; 1 

vF;L;pniE 

; 1 

1251' 

2921 ' i 


5 37 53*2 * 

+ 2*300 


120 8 

42*2 

1*86 


vF- s- R- b\f 

g 

12521 

2928 i ; 


5 37 54-6 

-0*479 

1 

159 28 

11*8 , 

1 ]'94 

1 

(d + neb; inC; iF; st\S 

1 

1253 

2930 1 . 


5 38 2*8 

0*810 

1 

161 5 

21-8 

1*94 

i 1 

pB; IS; J{; gbM 

1 1 

1254 

2929 ' 1' 

! 

5 38 3-3 

0*557 

1 : 

159 52 

11*8 

1*94 , 

i 1 

t‘F; vvS; vglbM 

; 1 

12551 

2927 ; 1 


5 38 3'9 

0*139 j 

1 

157 30 

8*4 ! 

1*92 

! 1 

F; pL;iE;gbM 

; 1 

1256, 

2931 ' ' 


5 38 14*7 

0-485 j 

1 ‘ 

159 29 

59*7 

1*91 

1 

Cl; vL; Ri; stl0...15 

; 1 

1257i 

2932 . . , 


5 38 17*9 

0-755 j 

1 ■ 

160 45 

15*4 i 

1*92 1 

I 1 

pB;R;bM;pof2:*9 beU. 

1 

1258' 

2935 ' .. i 


5 38 24*3 1 

0-652 : 

1 ' 

160 20 

40*7 : 

1-91 ! 

: 2 

pF; S; R;gbM; 4thof7 ... 

i 

1259i 

2933 . , 1 

A. 102 1 

5 38 24*6! 

0-631 1 

2 i 160 14 

33*7 ! 

1*91 

1 2 

vB;pL;K;gbM;3rd of?... 

i 

1260 

2936 1 


5 38 27*3 { 

0*624 1 

1:: 

160 12 

26*7 i 

1*91 

1 

vF; 5th of 7 

: 

12611 

(642) : 


5 38 42*9! 

-0-438 1 

1:: 

159 H 

36*6 i 

1-88 

1: 

;neb; no description.... 

1 1 

1262! 

2924 : 


5 38 49*31 +2*174 

1 

124 1 

5*3 ! 

1*79 

I 1 

Ci;L;lC;stl3 

i 1 

12631 

2937 . .. . 


5 38 57-3 

—0*055 

1 

156 56 

50*8 i 

1 1*84 ' 

1 

vF; p!S; E; glbM; 2st 10, s.J 

I 1 

1264! 

Vlll. 2 i 


5 39 6*6 

+ 3-276 

1 

8l 16 

35-1 ! 

1 1-73 

2 

Cl; poor; Sscst 

I 3 

1265i 

2938 . ' 

1 A. 103? 1 

5 39 10*9 

-0-646 

2 

160 18 

26*8 ! 

i 1*84 

! 2 

B; It; 6th of 7 

t 2t 

1266: 

2939 1 ! 

i 

5 39 21*0 

—0-6.14 

h: 

160 15 

5-4 

; 1-82 

I: 

: vF: vS: E; 7th of 7 

If 

12671 

368 i ! 

i 

M. 78 

5 39 34*1 j +3-072 

2 

90 0 

15*7 

1-61 


B; L; wisp-sh; vgmbN; Ssi! 

1 8t 

12681 

2940 [ 

A. 143 

5 39 37*8 

-0-409 

. 

159 4 43-3 

1-79 

1 

...i 

1 

1269i 

2941 : ...... 

A. 142 

5 39 40*7 

-0-423 

8 

159 10 

18-3 

1-79 

8 

IIIvB; vL; looped i 

: 8f 

1270. 

IV. 36 


5 39 49*8 

-4-3-077 

3 

89 46 49*6 

1*68 

3 

ns with vF, Lfihev j 

3 

1271 

2934 III, 241 


5 39 59*5! +2-532 

1 

112 3 59*6 

1*68 

1 

eP ; vS; II; ebM ..i 

2 

im\ 

2942 


5 40 1*0 

-0-499 

1 i 159 33 35*2 

1*76 

1 

jpB; pL; niE; .5stinv i 

1 

1273; 

2943 ‘ 


5 40 9’0 

-0-740 

1 i 160 45 20-2 

1-76 i 

1 

B;Ii;bM;rr;fof2 ... 1 

1 

1274; 

: III. 267 


5 40 35*0 

+2*670 

1 ! 106 48 

12*4 

1*62 i 

1 

vE'; pS; iE: bM 

1 

1275! 

mi 


5 40 49*6 

-0-534 

> 

159 43 48-3 

-1*69 j 

1 

F;R;pofDiieb 

1 
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Fo. 

Eeferences to 

Eight 

Annual 

Precession 


yorth Polar 

Annual j 
Precession 

i 

Total 
So. of 

of 

Cata- i^ii* J. H.’? 
logue. Catalogues 
of Xebula*. 

Sir w. n:» 

Classes 
and Xos 

Other 

Authorities. 

for 

18fi0. Jan. 0. 

Eight 
Ascension 
for 1880. 

Obs. 

used. 

for 

I860, Jan. 0. 

for 

1880. 

Comparison oi' all the 
used Observations, Eemarks, &c. 

times 
of Obs. 
by h. 
and H 

h. 

H, 


h m e 



159 48 52*3 


i 


1276i 2948 



5 40 53-3 

-0*550 

1 

-i*69 

1 heb; up ofgr of 4 .. : 

It 

1277' 2949 
1278j 2950 


A. 152?? 

5 40 54-2 
5 40 56-7 

0*556 

0*532 

1 

1 

159 50 42*3 
159 43 22*6 

1*69 

1*68 

1 neb ; sp of gr ot 4 . ' 

1 B ; R ; f of D neb . , i 

It 

It 

1279; 2951 



5 41 10-5 

-0*484 

1 

159 28 20*2 

1*()6 

1 Cl; vF; mC; st + neb.. . i 

It 

1280, 2945 



5 41 11-3 

+ 0*297 

3 

154 21 38*1 

1*6.3 

3 pF;L,*R;glbM 

3 

1281. 2952 



5 41 11 -8 

-0*549 

1 : 

159 48 24*2 

1*66 

1 : neb; nf of gr of 7 

H 

1282 2953 



5 41 15*6 

0*554 

1 : 

159 49 51*5 

1*60 

1 : neb; sf of gr of 7 

H 

1283' 2954 



5 41 18-8 

0*537 

1 : 

159 44 57*5 

1*65 

1 : vF; R; *i0v*nr 

It 

1284; 2956 



5 41 33*6 

— 0*536 

1 : 

159 44 ;;o*i 

1*63 

1 : B; pS; R ; liiM; *10, p 

1 

1285, 2946 



5 41 38*9 

+ M27 

1 

145 35 32*9 

1*57 

1 oF;pS;R;vlbM 

2 vF; S; R 

1 

1286 2955 



5 41 39*6 

—0*314 

0 

158 31 43*4 

1*62 

2 

1287‘ 

HI. 270 


5 41 43*7 

+ 2*648 


107 39 20*4 




128b 2944 


A. 594 

5 41 56-8 

+ 2*163 

2 

124 18 21*4 

1*52 

2 ©;B,*pL;iR;gbM 

0 1 

1289 2957 



5 42 5*1 

-0*495 

1 

159 31 7*6 

1*58 

1 vF; S; raE; glb>I; ?D 

1 1 

1290 2962 



5 42 38*5 

0*450 

1 

159 IG 34*1 



‘ 1 i 

1291, 2963 


A. 184?? 

5 42 43*0 

0*397 

1 

158 59 18*4 


1 :vF;S;R 

1 1 

1292 2959 



5 42 45*6 

0*298 

1 

158 25 39*4 

1 *52 

2 vF;S;R 

i i 

1293 2961 



5 42 47*9 

0*128 

2 

157 23 26*7 

1*51 

2 Cl; F; cS; in* 


1294 (725) 



5 43 2*4 

-0*319 

1:: 

158 32 44*3 

1*49 

] ;; neb: no description 

i 1 

1295 309 


M. 37 

5 43 7-5 

+ 3*922 

3 

57 29 38*3 

1*49 

3 Cl;Ri;pCM;stL&S 

1 8 

,1290. 2D6() 



5 43 6*1 

4-0*474 

3 

152 50 34*2 

1*46 

3 vF; pS; iR; pslbM*l6 

! 3 

11297 2965 


A. 185?? 

5 43 7*3 

-0*282 

1 

158 20 10*3 

1*49 

2 ©;B;S;rr 

1 2 

1298 2966 


f A. 147? ] 
\151? 154?j 

5 43 9-6 

-0*450 

5 

159 16 26*3 

1*49 

5 ©; B; pL; irrR; rr 

5 

1299 2958 



5 43 9*8 

+ 1*358 

1 

142 8 17-1 

1*43 

1 eF;pS:R;3stl0sf 

1 1 

1300, (730) 




5 43 24*9 

-0*503 

1:: 

159 33 29*2 

1*46 

1 :: neb; no description 

1 1 

1301. 29OS 
1302 2964 



5 43 44*7 
5 43 49*9 

-0*888 

^1*390 

1 

1 

16 1 23 47*8 
141 36 16*9 

1*44 

1-37 

1 pB; L; ptnE; gbM#13 

1 1 pB; pS; R; glbM 

; 1 
; 1 

1303 29O9 , 



5 44 23*6 

-o*o(;4 : 

1 ' 

156 58 0*9 ; 

1-37 

I 2 F": pS; R; glM 

2 

1304' 2907 ' 



5 44 49*2 

+ 2*544 ; 

1 ’ 

111 36 16*5 , 

1*25 

1 vF;S:vlE;gbM 

.1 1 

1305 2971 i 


i 

5 44 54*6 

-0*736 1 

2 

IGO 42 13*8 ' 

; 1*34 

2 pB;pS;R;gbM 

1 0 

1306 2970 1 


A. 153? 1 

5 44 58'^ 

0*444 

1 

159 14 0*1 

1*33 

1 fP. pT • IF. 

1 

1307 2972 : 

1 fi 

111.448 , 

1 

1 5 45 6*7 

s -0*331 

3 

158 .35 56*7 

i 1*31 

3 F; pS; il;vgibM 

■: 3 

1308i 370 < , 

! 1 

1309 2973 ! 

111.510 

) 

I 5 45 30*3 
! 5 46 27"<5 

' + 2*897 

— 0*817 

(4) 

' 97 30 3*2 

161 2 46*7 

1*16 

; 1*21 

1 ieF; cS; IE; pslbM; er 

•2 vF*S*R*gbM 

•i 5 

1310 371 

Vll. 24 , 


5 46 37-1 

+ 3*080 

1 

; 89 38 56*6 

1*08 

1 1 Cl; pL; IRi; pC; stS 

3 

13111 2975 
1312! 2974 



5 46 40 1 
5 46 44*7 

— 0*560 
—0*246 

4 

1 

: 159 49 44*6 
■ 158 5 35*9 

: 1*18 
' 1*17 

! 5 Cl;F;S;iF; vlC;ir 

i 1 tF*pL*iR 

5 

j 1 

1313' 2976 



[ 5 47 06*7 

+ 1*446 


140 37 4*7 

I 1*01 

1 1 .ceF; v8*, 3stl 0 .sp 

1 

13l4j 2977 



! 5 47 57-0 

-0*326 

1 

■ 158 33 11*2 

1 1*06 

1 1 F: S: R; #llp 

1 

1315, 2978 
13i6i 2979 



1 5 48 7-4 
' 5 48 39*2 

0*149 
— 0*438 

1 5 

;157 29 3;5*8 
,159 10 22*7 

1 1*04 

i 1*01 

; 5 F; pL; iR: vlbM; rrr 

1 0 vB ; vS; vsnibM: rr ..... 

5 

2 

1317, 2980 



5 49 41*3 

+ 0*369 

2 

153 42 41*3 

i 0*89 

! 2 -F’;pL’;R;’vclbM.. 

'1 2 

13I8j 2982 



5 50 15-5 

; -0*922 

' 1 

' 161 30 44*6 

' 0*88 

■ 1 vF;cL;vgbM 

. 1 

13191 2981 


A. 106 

5 50 16*8 

! -0*619 

I ^ 

il60 6 17-6 

! 0*88 

5 Cl; pB; IF; gvniCM; stl3 .. 

5 

13201 2983 



5 51 17'8 

, +0*162 

, 3 

155 20 50*2 

1 0*76 

! 3 ipB: vS;R;gbM 

•i ^ 

1321 .. .. 

111.225 


5 51 46*8 

! +2*584 

1 

;110 3 13*8 

! «*64 

’ 1 .epF;pS;E;r 

1 

1322 2985 



5 51 59*6 

-0*505 

. 1 

’ 159 31 16*4 

; 0*72 

1 'vF;pS;R;gbM 

i 1 

1323 

VIII. 68 


5 52 7*3 

' +4*659 

! 1 

; 40 6 11*5 

i 0*55 

: 1 'ClnotRi; l*7ni 

' 1 

1324 2986 

VIII. 26 


5 52 28-5 

: -0*481 

i 3 

i 159 23 33*9 

i 0*67 

i 3 IpB; vS; R;gii>bM 

1 !Cl;pL;40i)r50st8...15 ... 

; r ip. ns:. It . frlhAl 

1 3 

1325 372 

1326 2987 


5 52 34*6 
5 52 41*1 

1 +3-647 

1 —0*131 

I 1 

j ‘J 

66 42 23*8 
157 21 35*8 

1 0*54 

j 0.{)4 

! 2 
i 7 

1327 2984 



5 53 11*9 

1 4 2*401 

! 1 

; 116 39 52*1 

j 0*53 

1 / (r;pc'. 

i 1 !v’F;pS;B:gbM 

1 1 

1328 2988 



5 53 22*1 

, 4-0*765 

i 1 

1 149 55 53*5 

i 0*55 

1 1 ;Cl;^iC;stLA■ S 

1 1 

1329 2989 



5 53 26*1 

i -0*854 

1 2 

i 161 12 17-0 

' 0*60 

I 2 ip; pE; R: gpmbM 


1330 2991 

1331 2990 



5 53 53*9 

6 53 54*3 

, 0*837 
, 0*146 

1 4 

i 5 

i 161 7 32*5 

1 157 27 0*8 

! 0*55 

1 0*54 

! 4 :0; B; pL; R; gmbM; r ... 
1 5 'F* p8; R; r; amst 

i 

i ® 

1332 2992 



A. 160 

5 54 7*4 

1 -0*504 

i 

r 

1 159 30 5M 

-0*53 

1 

! 4 pB; R; gnibM; rr; 

1 1 stH...l6. 

j 4 
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SIB J. F. W. HERSCHEL’S CATALOGUE 


of 

Cata- 

llogue. 


Eeferences to tj- v, i 

Eight j Precession 

No. I North Polar 
of 1 Distance 

Obs. 1 for 

used 1 1860, Jan, 0. 

Annual 

rreoessioii 

N.?D. 

for 

1880. 

No. 

of 

!Obs. 

used. 

Sir J.H.‘s 
^Catalogues 
of Nebulffi 

Sir W. H.'s 
Classes 
and Nos. 

i iiscensioii , in 

Other ! 

Authorities, j I860. Jan 0. Aseemon 
j i for 1880. 

b. 

E. 

1 h m Si 8 




2994 


1 5 54 23*3 —0*503 

2 159 30 24*0 

-0*50 

1 2 

2993 


! 5 54 34*6 +0*090 

1 155 51 30*9 

0*47 

1 

IL 264 

I 5 54 55 * 91 +2*482 

1 113 49 28*9 

0*37 

1 

2995 


1 5 55 1*4 ' -0-.342 

3 158 37 0*8 

0*44 

; 3 

373 


j 5 55 15*5 +2*822 

1 100 36 14*8 

0*34 

: 1 

374 


1 5 55 39*0 i +3*206 

1 84 16 44*3 

0*29 

1 

3009 


' 5 56 0*0 —6*638 

2 172 9 27*8 

0*54 


2QQ8 


I 5 56 13*4 0*798 

1 160 56 36-5 

0*35 

' 1 

2997 


, 5 56 22*5 — 0*274 

2 158 13 12*4 

0*32 


2996 



t 5 56 50*7 ‘ +0*836 

1 149 7 34*5 


1 

3000 

, 




1 159 34 54-6 

0*28 

1 

3001 


' 5 57 13*; ' -0*416 

1 159 2 0*5 

0*25 

1 

2999 


5 57 34*0, +1*437 

2 140 44 5*6 

0*18 

2 

3002 



1 156 24 55*3 

0*19 

1 

3003 



5 57 52*5 -0*119 

4 157 16 2*3 

0*19 

4 

3004 



3 155 28 41*2 

0*16 

3 

3005 


A. 196 ’5 58 32*0.-0*316 

5 158 28 3*8 

0*14 

a 

3006 


A. 161 ? 5 58 35*9 -0*447 

4 ,159 11 59*1 

-0*13 

4 

375 

VI. 17 


1 65 53 46*0 

0*00 

1 

3007 


A. 193 ; 5 58 50*0 ' -0*345 

4 ' 158 38 5*4 1 

-0*12 

4 

3008 


' 5 58 50*7 , 0*287 

1 15» 17 48*7 ■ 

0*11 

1 

3013 


5 59 33*7,-1*702 

i 1 ,164 21 22*3 ' 

1 0*09 

■ 1 ' 

3010 1 


! 5 59 36*3 ^0*365 

3 153 43 19*4 ! 

0*02 

3 

3011 

1 

A 194 1 5 59 39*1 -0*325 ' 

5 158 31 0*8 

-0*04 

: 5 ' 

376 i 

1 


1 38 17 55*2 

+ 0*14 

, 1 

3012 ; 


A. 223? 6 0 4*7! -0*229' 

1 157 56 54*0 

0*00 

1 

378 1 

IV. 44 ; 


1 96 11 46*0 

+ 0*10 

1 

377 i 


M.35 ! 6 0 12*5 3*677 

i I 65 39 16*9 

0*13 

1 ' 

379 

Vm. 24 

6 G 33*4 , 3*405 ' 

1 , 76 1 38*5 

0*35 

1 ; 


IV. 19 i 

|6 0 44*0 : +2*923 1 

3 ' 96 22 39*5 

0*15 

3 

3016 1 

i 

6 0 44*6 ',-0*750 ' 

1 160 43 11*2 

0*04 

1 

3015 1 

i 

; 6 0 52*1 , 0*348 i 

2 158 38 48*1 , 

0*07 

2 ! 

3018 I 


|6 0 56-3 ' - 1*295 ' 

1 162 58 41*2 

0*04 

1 


i 

Auw.N.21 1 6 1 19*1 . -r3*569 i 

... : 69 29 42*5 

0*01 


3017 ; 

1 

'6 1 27*2 : -0*056 ' 

1 156 51 19*9 , 

0*13 

1 1 

3020 ' 

1 

; 6 1 42*0 ' -0*192 

2 '157 43 40*5 

0*15 

' 2 ' 

3019 ' 


1 6 1 56*1 +0*359 j 

I 153 45 54*4 ; 

0*18 

' 1 

3014 ' 


i6 2 6 * 2 ' 2*539 

1 111 43 53*8 ! 

0*26 

1 i 

380 iVIII. 6 1 

j6 2 12*01 3*182 1 

1 85 15 56*7 ‘ 

0*29 

: 1 ; 

3021 


, 6 2 28*9 . 0*171 ' 

1 ,155 15 14*6 

0*22 

; 1 i 

381 

IV. 38 

'6 2 41*6 2*924 ! 

1 ; 96 18 57*6 ; 

0*32 

‘ 1 ! 

382 


: 6 3 59*9 : 2*990 ! 

1 ' 93 30 5*2 • 

0*44 

! 1 •' 

383 

IV. 20 j 

j 6 4 17*9 : 2*927 1 

2 , 96 12 6*1 i 

0*47 

i 2 ! 

384 

VII. 25 1 

6 4 39*8; +3*200 j 

1 ‘ 84 31 53*0 1 

0*50 

1 I 

3025 

i 

! 

! 6 5 3*8 j -0*516 j 

3 ,159 33 49*6 ; 

0*42 

i 3 


Summary I)<acription froui a 
Comparison of all tiie 
Obserratkme, Eemarks, &c. 


Totd 
No. of 
times 
of Ote.j 
fey h. 
knd H. 


1333) 

1334' 

1335! 

1336, 

13371 

1338! 

1339' 

1340! 

1341 

1342i 

1343 ; 

'1344; 
il345’ 
J1346; 
ii34r: 
i 13481 
;i349: 
!1350: 
|135]j 
il352 
11353, 
jl334; 
!i355 
1356' 
1357; 
|1358 

1359 

I 360 I 

1361 ; 

13631 

1363 ; 

1364 

11365: 

1366 

|1367 

1368 

1369 ' 

1370 

1371 

|1372^ 

1373, 

!1374 

il375, 

1376, 

1377 ! 

1378' 

5064, 

1379 

1380 
1381’ 
il38g! 
11383 
1384! 
1385 
joOGS, 
1386] 
13871 
1388: 
1389' 
|1390 


3027 

3023 


3026 


ivn. 57 : 


3024 

3028 


3031 

3029 

3030 
385 

3035 


VI. 5 
IL 265 


5 5-6; +2*168 

5 7 I 

5 7*1! -1*817 
5 l6*5i +1-331 
5 25*2 I 4*189 ; 

5 47*6 ; 0*196 ! 

6 2*3! 3*377 1 

6 14*4' + 2*539 j 
6 21*3 j -0*087 
6 40*9 


7 57*9 
9 5-0, 
9 18*6! 


1*404 
+ 1*799 
1*798 


9 23*0; +3*213 
9 26*6 I -2*061 


i 124 4 30*3 
I 88 50 39 
! 164 42 26*7 
'142 29 20*0 
! 50 6 21*0 
!}55 4 9*3 
I 77 9 55*9 
111 46 26*6 
1 157 4 22*5 
! 88 58 11*2 
163 22 10*8 
: 133 37 23*5 
; 133 39 27*1 
83 58 10*6 
' 165 24 21-8 


vF;S;K;fof2 , 

eF; S; R 

UjS 


L; pKi; v!C; stlO, 
lF;pS;ill;bM ......... 

;F;IE;r 

'eF;S;R,-bM 

leF; S; R; ^^12vnr 


F;pS;R;bM ... 
eeF; 1* ; ^itlo att ... 
eeF; IE; #16 att... 
F; pL; K; vglhM 
F; pL;H; vglb.M 


0; vB; S; R; vgvmbM; rr,.' 
,C1; pS; mC; \Ki; nrA; stt’S. 
+F; S; R : gbM; #15 att uf.. 

pF;pS;H;gbM , 

F; pL; R; gpmbM 

F; pL; H; vglbM 

■,* vB;R:nOI;rr 

Cl; pL; poor; stll 

I)S;K;gbM ’ 

Nebulous! #7,* am 3 it ' 

Cl; vL; cKi; pC; 8t9...l6... 
:C1; S;lRi;pmC; *1.848.;. 
#9 in vF, pLneb; F 170'' ... 

eF; L;R;glbM 

F;cL;R;lbM ’ 

pF; pL; R; gmb.M ^ 

#8m in ueb (Bruhns) 

leeF; pL; R;gbM 

'F; vS;iR;lbM;r ' 

eF;vS; R | 

F; pS; vmF; gibM 

Cl;pRi;iC;stLAS 

ivF;S;R 

pB :7; L#neb; E90°+ ' 

Cl; L; vie ; 

!#li&4 S St in vF, L neb ..... 





fpB; pS; R; gbM] Dneb; 
lvF;R;glbM j 12°*5 

*pF; pL; vmE; gvlbM 

‘See No. 5064, 

jvF; pL; R; glbM 

pB; vS; E; vsbM; #9 p 5*.. 

|Ci;cL;C;iF;stvS 

iF; iF; glbM; 2or Sstinv .. 

!C{;L;Ri;gvmCM 

ipF; pS; vlE; pmbM; star.. 

lvF;pS;R;gbM 

iSee 5065 . 

IF; vS;R;bM 

|eF;pS;R; vlbM;?134°PD.! 
ieF;S;R;pslbM;?134‘^PD,’ 

'* Chief of Ci 

pB ; pL ; iR ; vgpmbM ; r ... 


1 

1 

3 
1 
1 
2 
1 
2 
1 
1 

1 

2 
1 

4 

3 

5 

4 

3 

4 
1 
1 
3 

5 
1 
1 
2 
8 
3 

3 
1 
2 
1 
0 

1 

2 

1 I 
1 

4 
1 
3 
1 

5 

2 

3 

1 

1 

1 

1 

1 

2 

5 
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j I Jieiereiices i 

-jSirJ.H’8|sipW.H.’&| 

llogue. Catalogues' Classes 
jofNebuIff. I and Sos. | 


1391; ...... 

1392, 3034 
1393 30.32 

1394 : 3033 
1395 ' 3037 
1396, 3036 
I1397: 3038 
!i398, 3039 
11399 386 

1400 3040 

|hOT 3041 

11402 

11403 

|]404 

1405 

1406 

1407 
.'1408 
'1409 
1410 
{1411 
il412 
i]4]3 

11414 

11415 
1416 


H. j 

VII. 13 I 

I 

I 

i 


Annual I 
Pmsjssion | No. 
in i of 
Right j Obs. 
1860. Jan. 0. ' Aseension u-.ed. 
i for 1880 j 


Eight 

Ascension 

for 


Annual ; i 
Nortli Polar , Precession [ No. ; 
Distance 


for 
1860. Ji. . 


N.P.D. 

for 

1880. 


Summary Description from a 
Comparison of sdl the 


i. VII. 20 


6 9 33-3 i+ 2-622 
6 10 13-2 0*506 

I 6 10 22*8,' 2*551 

i 6 10 23*9 . +2*399 
I 6 12 5*0. -1*526 
' 6 12 33*1 i 0*423 
6 12 45*1 ; 0*917 

fi J 3 34.4 -0*270 
6 14 .5*0+2*902 
6 15 36*9 2*532 

616 4*8' 2*387 



i 1 Auw. N. i 

!2 ; 6 

16 

25-2 

3*539 

387 

i i 

' 6 

16 

28*9 

2*964 

3042 


1 6 

17 

5*4 

1-753 

3044 

! 

' 6 

18 

1*5 

0*980 

3045 


c 

18 

1*9 

0-983 

3043 


, 6 

18 

43*9 

2-513 


; VII. 35 

6 

19 

44-5 

3-372 

388 

, VII. 26 

; 6 

19 

57*6 

2-847 

3046 

1 

6 

20 

1*4 

2-536 

3047 


: 6 

20 

33*0 ' 

0*293 

3048 

j 

i 6 

20 

49*4 

0*231 

*3049 


6 

20 

55*3 

+ 0*226 

3050 

; 

G 

21 

0*8 

-0*136 


1 [108 36 47*3 
1::: 152 29 50*0 

1 ; 111 19 46*4 

2 i 116 43 35*4 
I 1 163 47 55*3 

3 il59 5 2*4 

1 ; 161 29 30*7 

2 ! 158 13 12-4 
2 j 97 14 22*3 

1 112 0 58*2 

2 117 10 38-1 

... , 70 35 28'2 I 


;105] 


.VIII. 25. 


iM17 

389 

Mil 9 

;i418 

3052 


IHIO 

390 

VII. 5 

[1420 

392 


jl421 

391 

! VIII. 49 

1422 

.3054 


1423 

3053 


,1424 


: VII. 2 

1425 

393 

; IV. 3 

1426, 


1 

i 

:]427 

3055 

1 

>1428' 

394 

i 

11429' 

395 

VIII. .3 

;i430 

.396 

: VIII. 50 

1431 


i VII. 54 

1432. 

397 

j VII. 22 

14.33 

3056 


1434 

3057 


1436' 


; VI. 38 

1436: 

398 

iVHL48 

1437 ; 

399 

IV. 2 ; 

1438; 

400 

i VII. 37 


1439; 

3058 



1440; 

401 ( 

1 V.S 7 

h 


1 

!vm. 5 r 

144l| 

402 



14421 

403 

1 VI. 21 


14431 

3059 

I 


1444 

404 

VI. 3 


1445 

405 

VII. 36 


1446 

3060 



1447 

3061 j 





A. 616? 

i Munce li X C, 


, 6 21 1*6 
6 21 11-0 
6 21 13*5 
; 6 21 49*0 
6 22 ]]*0 
: 6 23 28*8 
, 6 23 31*7 
6 23 42*4 
6 24 1.3*8 
. 6 24 53*4 
, 6 24 58*0 


r 2*963 ' 1 
0*220 • 1 
3*473 : (1} 

. J 

1 
1 


0*235 
3*233 
3-189 
-4*013 , 2 
-0-366 3 

+ 2*267 ■ ^ 
3-189 
3-31 


Auw'. N. 23 , 6 25 51*9 +3*729 , ... 


6 26 3»-l ' 
G 27 5-0 
' 6 27 8-4 , 
i 6 27 23-7 ' 
6 27 56:0 
i 6 28 25*1 ' 

' 6 28 59-1 ' 
6 29 25*9 ' 
6 30 47*9 ’ 
6 31 2*3' 

6 31 31*4 
j 6 32 24*0 I 
j 6 32 41*8 : 


-0*360 
r 2*956 
3-269 
3*199 
6*043 
3*253 
2*153 
0-325 
3*329 
3*041 
3*278 
3*101 
2*462 , 


I 6 33 16 * 0 ' 3*305 ' 1 


6 33 40’5 
6 34 32*6 
6 35 31*5: 
6 36 26*7 i 
6 36 35*5 ; 
6 37 3*1 j 
6 37 7*0 ; 


3-354 
3*748 
2*236 
3*180 
3*154 
2*503 
+ 2*390 


: 94 37 19*9 i 
. 134 41 54-5 i 
147 29 35-0 , 
i 147 27 30-0 , 
112 46 8-0 
77 16 45-6 i 
i 99 34 30*9 i 
' 111 55 24*9 : 

' 154 23 21*3 
154 52 49-6 
154 55 25*2 : 
157 27 7*2 : 
94 40 44*6 ' 
154 58 9*5 
73 13 33*5 . 
154 51 45*3 

83 4 23 2 

84 57 32-2 
54 42 17*1 

15b 50 33*8 
, 121 11 2»*4 

85 2 14*5 


+ 0*91 
0*90 
0*98 
0*98 
1*01 
1*08 
1-09 
M 8 
1-31 
1-44 
1*47 
1*54 

1*53 

1*55 

1*60 

1*60 

1*70 

1'82 

1*83 

1*83 

1*81 

1*82 

1*84 

1*84 

1*92 

1*85 

1*95 

1*91 

2*04 

2*14 

2-17 

2-06 

2*18 


Total 
No. of; 
tiim 
jofOi*.! 
bjh. 
and H. 


Cl;L;pRi;IC .. 

pF;S;R;bM 

pB; pL; mE, 87°; pslbilRN 

F;pS;vlE;pslbM ' 

ivF; cL; R; gvlbM 

3 '+B; pL; R; mbM;r 

1 S;R;gibM; > p 

2 B; pS; IE; gbM; rrr 

2 Cl; cL; pRi; pC; St II...I5 . 

1 \'F;pL; R; vglbM 

2 ivB; S; R; psmbM; r 

... !F Cl (Markree Obs. Jan. 13, 

! 1853). 

I iCl; P; vlC; St 6, 11...12 . 

1 'CI;B;P;st8, 

1 ivf ; IE; vgbM; p of 2 

1 jvF; IE; vgvlbM; f oi'2 

3 JF; pL; R; VglbM; 2st inv,..; 

1 Cl; pc ; with neb? 

1 :C];P;]CM;stl2...i5 ! 

1 ieF; R; *p270°, 90" 

1 F;S;R;glbM 

2 ieF; vS; R; 1st of 3 i 

I ;eF;S;lE;2udof3 ' 

3 :F;pL; R; gvlbM; *f ^ 

1 |B* (10 Monoc)+Cl 

1 jeF; S; 3rd of 3 

1 !Ci; eL; pRi; 1C; St L & S... 

1 |VF; S; R; *12 nr 

I :C1; pRi; pC; stl0,12...15..; 

1 +8 in L; P; BCl 

2: Cl; pL; P; vlC; st 7, 10... 15 
3 vF;pL;R;glbM 

2 ipB; cL; R; vlgbM; 4' ... . ' 


79 44 43*1 

; 2*27 

2 jpL; com; nibNsfalni#; 

! j *7'8 nf. 

7*f 

■ 63 35 16*9 

. 2*36 

••• iSmali cluster t'Markree Ob 
' 1 Dec. 23, 1853). 

s.: 0 

158 50 0*3 

, 2*31 

4 IpB; pL; R; vgbM; 

4 

' 94 57 53*2 

2-44 

1 Ci; pRi; 1C; IF; st8, 12...14 1 

; 81 32 16*8 

. 2-46 

(^):Ci; vL;E; Ri;lC 

4 

84 32 14-7 

' 2*49 

1 :: Cl; vL; pRi; 1C; st S 

3 

24 2 15*6 

■ 2*62 

i ivF; st eS 

: 1 

. 82 13 44*4 

, 2*58 

i ,'C!; 8;pC; iF;stll...l5 .. 

2 

. 124 42 .52*7 

2*59 

2 ■eF;S;lE;vlbM 

1 0 

154 13 23*4 

; 2*58 

•3 jF; cL; R; vglbM; r; 17**0d 

3 

79 0 33*4 

' 2*78 

, 1 !ri;cKi;cC;iF;steS 

. 1 

91 20 42*7 

! 2*79 

' 1 !Cl;vL;P; vlC;stL&S .. 

2 

81 8 20*5 

i 2*«5 

, 3 IB; vmE 330°; Ncom=*ll 

7t 

88 43 47*6 

2*92 

1 ICt; vC;iR;bM;ste8 ...... 

2 

,114 43 55*6 

: 2*92 

; I pF; IE; bet 2 vS st; psIbM... 

1 

: 79 59 24-7 

j 2*99 

! 1 ‘15 Monoc ; Cl; J; ?neb 

1 6* 

i 77 57 3*2 

j 3*04 

, 1 ;Cl;r;30or40stl2...13 ... 

: 1 

; 62 53 35*6 

1 3*12 : 

1 ;Ci;pS;cC;Ri;stll..,15... 

2 

! 122 20 49*8 I 

1 3*16 ; 

1 ipB; S; K; 2 or 3 st V nr 

; 1 

; 85 17 4M 

3*27 ; 

1 iCi; vffiC ; not Ri; st vS ...... 

; g 

i 86 24 51*4 

3*28 : 

1 lCi;iC;notRi 

2 

113 20 15-0 1 

3*30 j 

3 pF; 8; R; gbM; amst 

3 

117 19 37*3 1 

+3*31 ; 

3 ;pF;p8;vlE;bM;r 

3 
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SIE J. F. W. HERSCHEL’S CATALOGUE 


i 

Ko. ! 

Eeferen(*8 to 

Annual 

Biglit Preeeraion 

Ko. 

Iforth Polar 1 

Annual 

Precession 

No. 

Summary Dracription from a 

Total 
No. of 

Crta- Sir,T. H.’s jsir W. H.’s 
logue.; Catalogues ! Classes 
of^SebuliE.j and Ivos. 

other 

Autlionhcs. 

for R^ht 

1860, Jan. 0. Ascension 
for 1880. 

Obs. 

used. 

for 

1860, Jan. 0. 

N.PD. 

for 

1880. 

Obs. 

used. 

Comparison of all tlie 
Observations, Remarks, Ac. 

of Obs. 
by h. 
and H. 

1448| 

L 1 H. 

406 1 11.615 


ll lU S 8 

6 38 2-9 +3-950 

2 

5^ 17 42-9 

+ 3-43 

2 

F;S;bM 

4 

1449 

407 1 11.614 


6 38 2-9 3-951 

2 

06 15 56-9 

3-43 

2 

eF; vS 

4 

1450 

3062 i 


6 39 16-6 2-386 

1 

117 30 7-7 

3-49 

1 

pF;pL;lE:gbM 

1 

1451, 

!vm.7i 


6 39 30-5 i 4-223 

1 

48 47 17*8 

3-56 

1 

Cl; pRi; vlC: stpL 

1 

1452; 

III. 271 


6 39 46-21 2-642 

1 

108 3 23-8 

3-56 

1 

3 or 4 S St + neb 

!♦ 

1453! 

408 , VIII. 31 


6 40 39-41 3-002 

1 

93 1 23-9 

3-63 

1 

Cl;L;C;abl 00 st 9 ... 15 ... 

3 

1454 

411 

M.41 

6 41 0-3 i 2-578 

1: 

110 36 2-2 

3-64 

1 

vL; B; 1 C; St 8,.. 

3+ 

1455 

m,a ...... 

R. nova 

6 41 34-1 i 3-944 

... 

56 23 51-2 

3-74 


Xo desc.; /j of Lord R.'s diag. 


1456, 

410, i 

R. nova 

6 41 35-9! 3-944 


56 22 58-2 

3-74 


No desc. ; 7 of Lord R . s diag. 

oj 

1457 

410 III 898 


6 41 39-3! 3-944 

1; 

56 25 16*2 

3-74 

1 

el ; v.S 

2 

1458 

409 in. 897 


6 41 39-41 3-946 

1: 

56 21 16-2 

3-74 

1 

cl' ; vS 

2 

1459 

3063 ! 


6 41 44-2 j 2-414 

1 

116 35 49-0 

3-70 

1 


1 

1460 

410, c 

R. nova 

6 41 54-0 ' 3-944 


56 19 55-2 

3-74 


No descr.; s of Lord R.'s diag. 

0* 

1461 

3064 : 


6 42 3-3 i 2-414 

1 

llG 34 ]9'9 

3-73 

1 

eF; S; R; betst; D neb p ... 

1 

1462 

3066 1 


6 43 23-6 0-428 

1 

153 34 16-4 

3-78 

1 

vF; S; R; vglb.M 

1 

1463 

3065 1 

A 578 

6 44 1-7 2-124 

4 

125 50 56-4 

3-88 

4 

0: B;pL;iR;gbM;rr 

4 


419 1 



1 

96 49 35-2 

3-94 

I 

(’1 of 30 or 40 St 

1 

1465‘ 

413 j VI. 27 


6 44 35-1 j 3-086 


89 22 44-1 

3-97 

3 

t’l; lii; L; iF; st L A S 

5 

1466 

1467 

414 1V11I.39 

415 i VI. 2 


6 45 3-1 . 2-912 

6 46 55-4' 3-501 

3 

96 55 13-0 
71 49 12-7 

4-00 

4-09 

3 

v> 

C 1 ;L:P;IC 

Cl; pL; lii; niC; St vS 

6 

•H 

1468 

.3067 ! 


6 47 45-6; 0-375 

6 47 47-1 2-910 

1 

154 6 43-8 


1 

vF;v8;R;2stA 

1 

1469 

416 ivilLil 


1 

97 1 26-2 

4-24 

1 

Cl; P; vie 

4 

1470 

3068 t 


6 47 58-3 : 0-369 

2 

154 9 52*4 

4-18 

2 

vF; pS; vlE 90- 

2 

1471 

417 : VI. 18 


6 49 15-4! 2-911 

3 

97 1 24-8 

4-36 

3 

Cl; pL; pRi; nif': stl 3 


1472 

3069 1 


6 49 23-0' 1-949 

0 

130 41 29-2 

4-34 

iJ 

pB; pL: vmL 44''8 : }>slbM . 

o 

1473 

418 VHL60 


G 50 51-9 1 2-971 

1 

94 24 15-0 

4-50 

1 

C!; 1 C; not Hi 


1474 

419 


6 51 6-4, 3-311 

1 

79 33 25-9 

4-53 

1 

[:^] 

' 2 

Cl; P 

1 

1475 

400 

D'Arrest, 50 

6 51 23 : 2-89 

6 51 49*9 4*665 


97 45 24 ' 

39 12 51-9 

4-51 

4-63 

F; vS; li 

mF 

0 ; 

1477 

421 11. 304 


6 52 55-6, 2-898 

3 

97 35 39-1 ' 

4-67 

3 

pF; S; R ; r; S .St inv 

6!- ! 

1478> 

421,0 

E. nova 

6 52 i .... 


, 97 35 



.Makes a close D neb with h. 

0 

iH79<J 

r 422^ ! 

' = > VII. 14 i 


; 6 53 4-4; 2-759 

■ 0 

103 30 44-4 

4-68 

0 

• 421. 

i 

:C!;L;Sc;st 8...9 

3 

1 .i 

1480 

[3070 J ! 

423 Vm.lB! 


6 53 48-21 3-145 

2 

: 86 44 53-5 

; 4-75 

: 2 

Vl of sc St: St 8, 9 ). 

3* 

1481 

; III. 874 


1 6 54 46*7 1 4-608 

1 

39 15 39-4 ' 

i 4-88 

' 1 

jvF; vS;lE 

1 

1482 

424 II. 861 


■ 6 54 57-4 ! 4-661 

1 

39 13 10-3 

4-81 

' 1 

,pB; S; ili; gbM: 120 '... 

‘ 2 

1483 

425 

M.50 

6 06 12*5' 2*886 

4 

: 98 8 46-5 

; 4-95 

i 4 

.;Cl;vi;Ri;VC;E:stl2..j6 

8 

1484 

427 VII. 38 


* 6 56 57-0 ; 3-100 

2 

: 88 44 31-6 

; 5-02 

' 3 

,Cl;L;Ri;eC;stl2...l6 ... 

' 5 1 

1485 

3071 ' 


: 6 57 7-4 2-368 

1 

118 30 13-3 

; 5-01 

1 

ipB; pi; IE; gbM 

1 i 

I486 

426 ' 11.734 


' 6 57 28-6 4-663 

1 

1 39 5 50-6 

* 5-02 

1 

vF; pL; ill; psmbM; stp ... 

! 2 

1487 

428 : IV. 25 


: 6 57 33-2 2-817 

1 

, 101 6 47-8 

j 5-06 

i 1 

pB 7 inv in S, vF, neb 

3 

1488 

3072 ; 1 


, 6 58 6-8, 1-912 

2 

, 131 51 55-4 

I 5-08 

: 2 

;vF; S; vlE; bM; am st 

' 2 

1489' 

f 11.735 i 

429<; ^ = j 


6 58 33-7 i 4*547 

i 1 

1 41 10 42-0 

j 5-20 

1 

;vF; vS; stellar... 

4 

il490 

L ni. 875 i 
432 ;Vin.40 

1 

1 

i 6 58 47-5 ', 3-741 

i 9 

i 62 35 40*7 

i 5-19 

2 

Ici; L; vIC; Scl inv....... 

i 3 

1491 

430 j 11.862 


1 6 58 49-2; 4-631 

I 1 

; 39 36 2-6 

5-22 

1 

jF;S;R;psbM 

: 2 

1492; 

430, a\ 

R. nova 

i 6 68 + ' 


i 39 36 + 



.Several near h. 430 (? 426, 

: ® 

'1493’ 

1 

431 1 III. 899 


! 6 58 54-3 3-986 

1 

;.(i) 

i 1 

i 54 39 36-3 

5-21 

1:: 

1 433 A 1 nov). 

vF; S;R;bM 

1 0 

1494 

VIII. 32 



; gg 52 4.3 

5-26 

1 

ini- L- 1 C 

1 1 

1495 

435 1 


, U i)^ 0*t U X O'tJ 

7 0 6-6 2-949 

7 0 9*7 3-515 

1 1 

! 95 24 37-7 

5-29 

1 

iCi;vlC 

1 

1496; 

434 ; 11.769 


i 1 

' 71 0 17*0 

5-30 

1 

pB;pL;R;glbM 

1 0 

1497; 

433 1 11.736 


j 7 0 27-9 4-627 

i 2 

i 39 36 26-8 

5-36 

2 

pF; S; R; glbM; r 

' 4 

1498* 

lvni.33 


7 1 35-7 2-834 

1 

1 100 26 14-0 

5-40 

1 

Cl;cL;P;iC 

i 1 

1499, 

3073 ' 


7 1 52-0 2-775 

J 

102 57 4-9 

5-43 

1 

Cl; pL;pRi;gbIVI;stl0...14 

'i 1 

1500; 

!lV. 65 


'7 2 14-0: 3-055 

2 

! 90 30 8-1 

5-47 

1 

aff with S, vF, neb ...... 

t 1 

1501 

m. 746 


|7 2 47-5' +5-827 

1 

j 24 57 49-7 

+ 5-59 

1 

vF;S;R;lbM 

i 1 
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Cata-! Sir .1. H.’s S 
logufi. ! Catalogues 
j of Kebul® 


Eight 

Annual 

Precessioii 

No. 

North Polar 

Annual j 
Precession j 

for 

1860, Jan. 0. 

Eight 
Ascension 
for 1880. 

Obs. 

used. 

for 

1860, Jan. 0. 

N.p\ ; 

for 

1880. 

h m s 

7 3 7-1 

4-0*009 

1 

157 11 8*8 

-f 5*46 

7 3 16-3 

2*881 

1 

98 23 59*5 

5*55 

7 6 55-9 

2*817 

1 

101 15 9*5 

5*85 

7 7 48-2 

2*506 

1 

113 51 10*6 

5*92 

7 7 50-5 

2*845 

1 

100 3 44*9 

5*93 

7 8 28*2 

2*463 

1 

115 29 29*4 

5*98 

7 9 3*8 

3*390 

1 

75 5B o3*o 

6*05 

7 9 12-4 

3*394 

1 

75 46 51*8 

6*06 

7 10 31-8 

2*687 

2 

106 47 59*8 

6*16 

7 11 3-0 

2*778 

1 

102 57 54*0 

6*20 

7 11 23-4 

2*721 

2 

105 23 19*9 

6*23 

7 12 54-6 

2*488 

2 

114 42 14*2 

6*34 

7 13 59*7 

2*908 

1 

97 18 9*5 

6*05 

7 14 2*3 

6*410 

1 

20 42 16*2 

6*54 

7 14 8-9 

2*568 

1 

111 40 18*5 

6*45 

7 14 20-5 

2*845 

1 

100 7 38*4 

6*48 

7 15 0-5 

0*679 


152 5 45*1 

6*47 

7 16 42*9 

3*792 

1 

60 14 41*0 

6*70 

7 16 44*7 

3*792 

1 

60 14 21*0 

6*70 

7 17 31-6 

2*781 

1 

102 59 33*2 

6*74 

7 18 18*9 

2*423 

1 

157 15 54*7 

6*79 

7 18 27-0 

0*617 

1 

112 48 48*5 

6*75 

7 18 32'8 

2*427 

1? 

117 6 24*0 

6*80 

7 18 39*7 

2*597 

. 1 

no 39 57*6 

6*82 i 

7 18 59*7 1 

2*595 

2 

no 44 57*5 

6*85 

i 7 19 17-6 j 

j 3*920 : 

1? 

55 54 27*3 

6*91 

1 7 19 23-1 1 

1 3*921 i 

1 

55 53 27‘3 

6*91 

1 7 19 44-8 

! 4*017 ^ 

1 

52 58 44*5 

6*95 

i 7 19 45-1 

! 3*920 

1 

j 55 55 8*2 

6*95 

i 7 19 57-6 

1 3*921 

1 

! 55 51 47*1 

6*97 

7 20 54*4 

1 3*557 

1 

j 68 48 33*2 

7*04 

7 21 2-0 

1 3*232 

1 

1 82 41 1*2 

7*04 

7 21 11*7 

1 3*384 

1 

I 75 56 51*5 

7*05 

7 21 38'5 

! 4-2*818 

1? 

;i0I 27 32*1 

7-07 

7 21 42-1 

i -0*151 

2 

; 158 43 56*0 

7*00 

7 22 32*1 

4-3*070 


i 89 55 49*5 

7*15 

7 22 32*1 

3*070 


1 89 55 49*5 

7*15 

7 22 57-2 

2*767 

1 

i 103 41 23*1 

7*17 

7 23 6*9 

3*290 

2 

80 3 25*0 

7*20 

7 23 18-6 

5*864 

1 

24 0 3*0 

7*30 

7 24 35*7 

6*898 

1 

18 1 37*9 

7*43 

7 25 21*7 

2*693 

1 

106 54 16*1 

7-37 

7 26 49*5 

2*789 

1 

1 102 47 49*7 

7-49 

7 26 49*5 

2*735 

1 

1 105 8 46*7 

7*49 

7 27 43*4 

3*954 

1 

1 54 28 22*7 

7-59 

7 28 25*2 

0*743 

1 

1 151 57 47*1 

7-57 

7 28 37*8 

4*077 

1 

50 48 47*4 

7*68 

7 30 5*7 

3*566 

1 

68 7 10*4 

7'78 

7 30 10*0 

2*615 

1 

no 18 0*8 

7*76 

7 30 10*8 

2*760 

2 

104 10 31*8 

7*76 

7 30 38*0 

2*774 

1 

103 32 55*0 

7*80 

7 31 51*7 

4-2*751 

1 

104 35 14*0 

-h7*90 


i 

No. 1 

oL\ 

jused.j 

Summary Description from a 
Comparison of all the 
Obserrations, Eemarks, &c. ^ 

a 

Total 
^fo. of 
times 
f Obs. 
by h. 
ndE. 

1 !ci; P*,1C;30 St -V 

1 

1 ChcLiPjcC 

3 

1 jCl ; 1C ; J taken 

1 

1 Cl;pRi;pC 

1 

1 jCl; L; IC; one vB^ti 1 

1 

1 Cl;cIli;lC ! 

2 

1 'Cl; pS; pRi; inC; st I 5 ...I 6 ' 

2* 

1 'Ci;lC i 

1 

2 :Cl;P;iC I 

1 

1 1 : 

!; vF; %vL; viF [ 

3t 

j , 

Cl; vL;Ri;i)C*, st9...12 ...i 

i 

f) 

I 

2 

i 

Cl;pL;Ri 1 

4 

1 j 

Cl; pC; St pL; bifid j 

1 

1 1 

vB; pL; K; mbM; r; vS# 
inv. 

j 1 

! 1 d;S;P;lC 

1 1 

1 iCl; S;pRi:stl5 

t 1 

: 2 

pB; pL; iE; glbM 

i 2 

; 1 

B ; S ; R ; bMN ; p of D neb, 
45^, 60". 

’ 3t 

i 

1 1 

pB ; S; K ; bMN ; f of D neb 

i 

; 1 

Cl; vL; pKi; 1C; slL 

! 0 

i 1 ipF ; pS; R •, vsmbM ; am st ... 

; 1 

1 ' 

vP. R. ftmst. 

; 1 

1 l;:pFU;R;i>M 

; 1 

i 1 1 

Cl: pS; pmC ; stl2 

1 2 

2 Ch 1C; bifid; * 

' 2 

' 1;:’ 

neb; 1st of 4 

1 1* 

1 I:;! 

vF; vS; R; bM 

1 3* 

1 1 ' 

pB: S; stellar 

1 1 

1 1 

vF;S; R;bM 

I 2* 

1 1 

lvF;S; R;|sbM 

! 2* 

: 1 

|B;S:R:t8M 

j 4t 

i 1 

lCi:L;P; vlC;stL.., 

: 1* 

' 1 

iCl; pRi; C 


: i?:ci;vL-,vic 

1 1 

1 2 

ipB; cL; cElirMbM 


i 

1 1 Two B neb (Bond, Feb. f 

0 

I 

ii 1853). 1 

0 

! 1 

!Cl:S;cRi;cC;stvS 

2 

1 3 

leF; S; R; IbM; * inv 

4 

' 1 

j: ! ; cB ; eL ; vmE ; vgmbMN 7' 

1 0 

1 1 

*Cl;vlC 

1 

1 

|Cl;SbutB:st8...10 

1 

! 1 

;Cl;vL; P; vie 

1 

! 1 

iCl: P: lC;St9,<i'C 

3 

2 

pB;cS;R;vgvlbM; r;almO 

3 

1 

vF; L: R: gbM; r 

I 

1 

pB;pL:lE90";vgbM;*7, 8 , 
19"=. 

3 

1 

Cl; cL; Ri; C; stn...l8 ... 

10 

1 

Cl;L;cRi; stll...l3 

3 

3 

'Cl; B; vL; pRi; st L& S ... 

4 

1 

Ici; vL; Ri;pC;stvS 

2 

1 

|d;P;S;stvS 

1 


VII. 27 


1549 

1550 


1552 

1553 


C.H. 


438 

439 



C.H. 


VII. 17 A,S.C.905 


443 
3078 

444 


11.316 


454 
453 

452 

3086 

455 

456 

3087 

457 


3090 


VII. 65 
III. 19 
V. 44 


VHI.52 
VIII. 37 
II. 821 

1.218 

VI. 1 
jVII. 67 

Vin.38 

VII. 28 
tVIII. 87 


MDCCCLSIT. 
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SIE J. r. W. HERSCHEL’S CATALOaUE 


Eeferences to 

Sir J. H.’s 
Catalogues 
of Nebula 

Sir W. H.’s 
Classes 
and Nos. 

Other 

Authorities. 

h. 

H. 


460 

11.822 


3091 




VIII. 47 



VIII. 46 



III. 829 


3092 

VI. 36 


462 



3096 




I'l. 616 


461 



463 


M. 46 

r 464] 




IV. 39 


L3093 J 



3094 



3095 

IV. 64 


1 3097 



465 



3098 


M. 93 

466 


Lai. 15134 

3090 



3100 


i 

3101 



3102 



467 


J 

468 

III. 479 

j 

469 


! 

3104 


1 

>■ 469,0 




1 

R. 8 novae 

1 

! 

472 

IV. 22 


470 

III. 836 


471 

III. 830 


471,0 


R. nova 

3103 


A. 535 



M.47 


VII. 58 


j 473 1 

j 11.302 

1 

I 473, a 

1 

R. nova 

r 474^ 



I< = > 

VII. 10 


i [3106 J 



; 3105 



; 475 

III. 837 


! r 4791 



i s ~ r 

VII. 23 

A. 626 

[3107 J 



477 



477,0 


R. nova 

476 

III. 750 


476,0 


R. nova 


III. 838 


478 

III. 709 



No. 

of 

Obs. 

used. 

North Polar 
Distance 
for 

1860, Jan. 0. 

Annual 

Piwession 

N.ED. 

for 

1880. 

No. 

of 

Obs. 

used. 

1 

37 20 50*0 

+ 8*00 

1 

1 

137 18 28*9 

7*93 

1 

1 1 

106 11 49*4 

7’98 

1 

i 1 

106 1 60*0 

8*00 

1 

1 1 

36 34 59*8 

8*16 

1 

1 

108 45 38*6 

8*12 

1 

1 

80 24 60*1 

8*17 

1 

5 

158 58 3*7 

8-09 

5 

1 

57 59 59*0 

8*20 

1 

1 

37 35 56*6 

8*22 

1 

1 

104 29 50*4 

8*18 

1 

3 

104 24 39*4 

8*18 

3 

1 

121 19 45*1 

8*17 

1 

1 

107 53 22*3 

8*21 

I 


159 12 49*3 

8*21 

4 

1 

35 3 14*3 

8*41 

1 

1 

113 32 43*2 

8*44 

1 

1 

114 21 12*2 

8*44 

1 

1 

127 38 15*8 

8*56 

1 

0 

117 0 6*7 

8*69 

2 

1:: 

116 54 21*0 

8*70 

1:; 

1 

no 57 4*1 

8*77 

1 

1 

34 9 26*9 

8*83 

1 

2 

80 5 29*5 

8*91 

2 

1 

32 57 44*1 

9’07 

1 . 

1 

161 3 33*8 

8*96 

1 


f 32 57 ± 

i 



... 

1 

116 2 1*1 

9*07 

1 

1 2 

32 57 5*9 

9*13 

2 

1 

36 46 9*8 

9*16 

i j 


36 46 


... j 

i *2 

128 11 8*3 

9n 

2 

W. 

105 3 19*3 

9*21 

W. I 

1 

107 21 4*6 

9*22 

1 1 

1 

65 52 5*8 

9*26 

1 

... 

65 52 + 


: 

2 

113 56 10*5 

9*25 

2 

1 

117 29 59*5 

9*25 

1 

1 

33 3 64-6 

9*42 

1 

3 

119 41 68*1 

9*37 

3 

1 

1 62 35 59*9 

9*43 

1 


62 35 



0) 

: 49 47 60-2 

; 9*44 

(1) 

49 47 ± 

j 


i 

32 42 17*4 

9*48 

i 

1 

38 52 4*7 

1 + 9*49 

1 


No. 

of 

ICata-i 

jlogue.' 


Eight 

Ascension 

for 

1860, Jan. 0. 


Annual 

Prec^oa 


Eight 

Ascension 


Summarr Description from a 
Comparison of ail the 
Obserrations, Eomaris, &c. 


Totd 
No,ofi 
tim^ 
lofOhs 
bjh. 
land H. 


1556 

1557i 


1563 

1564' 


11567 

1568’ 

1569 

1570 
157l' 

1572 

1573 

1574 
1575' 
il576 
'1577, 
1578 
1579, 
1580; 

1581 

1582 

1583 

1584 
1585, 
jl586, 
11587' 
|l588' 
!1589! 
, 1590 , 
:i59i 

I1592: 

|1593 

■1594; 

1595: 

1 596; 
1597j 

1598'^ 


jl600| 

il601,< 

I6O2I 

|l603 

1604 

1605 

1606 

1607 


7 32 26-8 
7 32 31-5 
7 32 55-5 
7 33 4-6 
7 34 26-7 I 
7 34 41-61 
7 35 4-7 j 
7 35 9-9! 
7 35 11-2 i 
7 35 19-3 
7 35 24-3 

> 7 35 25-4 

7 35 26*2 

7 35 41 -2 
7 36 43-9 


7 37 36-4 +4-803 
7 38 39-2 2-542 

7 38 41-4: 2’522 


+4-676 

1*739 

2-715 

2-719 

4-715 

2-656 

+ 3-277 

-0-117 
+ 3-833 
4-653 

2*755 


+2-677 

-0-149 


42 52*2 
[ 7 42 56*7 
’ 44 24*4 
I 7 45 47*6 
' 46 20*9 


2*459 
2*611 
4*838 
3*280 
+ 4*908 
-0*423 


4*660 


7 46 40*1 ; +2*488 
7 46 42*0 ’, 4*905 

7 47 11*2 
7 47 

7 47 18*9 
7 48 20*5 
7 48 39*8 
7 48 50*3 
7 48 + 

7 49 0*6 
7 49 1*8 

7 50 26*3 

7 50 36*9 

7 50 53*9 
7 50 

7 50 55*0 
7 50 + 

7 51 11*3 
7 61 25*4 


eF; R; vgbM; r; *8p 
eF; L; pmE; gmbM; 2stinv| 

!C1; vL; vJC..... 

ICl; vL; vie 


iCl; pL;pC; EO^stL&S.. 

leF; *15, 300''*0, 90'' 

ipB; S; R; pmbM; 3 st U n.. 

F;S;lbM 

vF;vS;R;bM 

!; Cl; vB; vRi; vL; iuv Q.., 


3 iO;pB;pS;elE; r; 3‘*75d. 


Cl; B; pRi; pL; IC; 
st9, 12...14. I 

IQ ; cB; not v well def ! 

; J cL ; vF : R I D neb ; 40° ; i ' 


j cL; rr : 
npL;vF; 


RJ *invM...i; 


Cl of 18 or 20 St 11. ..13 


vF;S;R;lbM ... 


8 of 1 0 neb, in line with b. 469. 

470. 


F;vS;R;»9sf;t of2 . 


[.Makes D neb with h. 871 
j:;Cl;B;Ri;L;IC;stl2 ...| 
I Place from Wollastons Cat. 


vF; E; «inv near N . 
Cl; L; cRi; vlC 


jCl;L;lC..... 

[vF; vS; R; glbM 


CI;pL;cRi;pC;stll...l3 


vF;S;R;bM 

F;S 

cB;S;R;sbM 

Follows III. 750 (h. 476 ) .. 

eF; vS 

F; L; R; vgbMtr; amst 
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Ko. 

Seferenc® to 

Annual 

Eight Precfejsion 

No. 

North Polar 

Annual 

Precession 

Summary Description from a 

Total 
No. of 

of 

Oajtft- SirJ. H.’s 
logue. Catalogues 
of JfebuliE. 

SirW. H.’s 
Classes 
and Sos. 

Other 

Authorities. 

for Eight 

1860, Jan. 0. ABcension 
for 1880. 

Ohs. 

used. 

for 

I860, Jan. 0. 

N.ED. 

for 

1880. 

Qjjg Comparison of all the 

Obseryations, Eemarlcs, &c. 

of Obs. 
by h. 
ind H. 

h. 

H. 


h m 8 8 

7 52 3*2 4-2778 

0 

103 59 2*7 

+ 9*49 

2 cF;S;vlE90=;glbM;am8t. 

2 

1609 3109 

1610 

III. 839 


7 52 12*0 1-565 

7 53 15-3 4-672 

1 

1 

141 55 10*1 
36 10 28*9 

9*47 

9*63 

1 pF; S; R; vgpnibM 

1 pF; vS 

1 

1 

1611 480 

VI. 37 


7 53 15-8 2-858 

1 

100 14 21*4 

9*58 

1 Cl; pL; vRi; C; stll... 20 ...i 

2* 

1612 481 

11. 544 


7 53 39-5 3-409 

1 

73 54 23-9 

9*63 

1 pB; pL; iR; vgbM ; er;' 

3 

ifiis 

VIII. 1 


7 54 31*8 2-675 

3 

108 41 12*4 

9*68 

#225°-5, 60 ''. 

3 Cl;B;pRi;lC;stS 

4 

1614 482 

111.605 


7 54 45-3 3*586 

1 

66 13 22-6 

9*72 

1 vF;S;iR 

2 

1615 ! 483, « 


R. nova 

7 54 .32-6 3-273 

... 

80 7 43-3 

9*71 

... y in Lord liosse's diagram .. 

0 * 

I 6 I 6 


D’Arrest, 51 

7 54 40-8 3-27 

7 54 47*2 3-273 

[ 2 ] 

80 12 48 

9*70 

f 2 ] eF; III. 512 fl0®*5; noO" ... 

0 

1617 483 

III. 512 


2 

80 11 58-3 

9*71 

2 F; S; R; psmbM; r 

3 

1618 484 

in. 7 


7 54 48-7 3-255 

1 

81 4 lG-3 

9*71 

1 !F; vS; vlE; 2 stp 

3 

5066 

1619 3111 



7 55 12*5 

7 56 1-4 1-004 

6 

65 25 19*4 
150 29 10-5 

9*75 

.. jSee No. 5066. 

6 !ci; vB; vL; pRi; st7...13... 

6 

1620 - 3110 



7 56 17*4 2-825 

1 

101 54 45-3 

9*81 

1 !F:vS;R;bet3stI3,14 .. 

1 

1621 3112 

1622 485 

16231 486 



7 56 48-9 2-457 

1 

117 47 40-5 

9*85 

1 !Cl : B ; pRi ; pC 

i 1 

III. 877 



7 57 22-1 ! 4-938 

7 59 0 - 5 ! 2-845 

1 

31 49 50-5 
101 2 6-9 

9-95 

10-03 

1 jpF; pL; R; ps-bM; * 9 , np 3 

1 (cF; pL; R; vgvlbM; amst.. 

’ 1 

1 2 

1624! 488 

Vlli. 30 



7 59 28-2! 2-461 

( 2 ) 

1 

117 46 23-5 

10*05 

1 Cl; vL; pRi;lC;btl0...15.. 

3 

1625! 487 

III. 752 


7 59 54-2; 3-451 

71 46 29*0 

10*10 

1 eF; IE; vS*n 

; 2 

lC 26 i 489 

II. 726 


8 1 15-2 3*857 

2 

55 38 18*6 

30-22 

2 pB; pL: R; vglbM; r; 2st n 
2 Cl;pL;Ri;C;st9,13...14. 
1 pF; pL; R; psbM; # 8 , l64'*C 

i 4 

1627 ! 3113 

1628 ' 490 

III. 840 


8 1 22-2 1 2*419 

8 1 50*7 j 4*775 

1 

119 29 53-7 
33 55 30-7 

10-19 

10-29 

; 2 

1629 ! 491 

IV. 55 


8 3 18*1 4-271 

1 

43 35 28-4 

10-38 

1 @; pB; pL; R; m.st20 

; 3 

1630 3114 

VII. 11 


8 4 7-8 2-819 

2 

102 24 59*0 

10-40 

2 Cl; vL; Ri, lC; stll,..13 .. 

! 3 

1631' 492 

III. 710 


8 4 26-2 1 4-404 

1 

40 30 20-4 

10-48 

1 ;F;L;E;vgbM 

' 2 

1632 ' 3115 
!i633 493 

II. 719 

B.A.C. 3073 

8 4 42-2 2-817 

8 4 51*0 i 3-919 

1 

1 

102 30 54-5 
53 19 26-7 

10-45 

10-49 

1 iNebulous * 6*7 

1 |F; pL; ill; VgbM; 1 nr 

1 1 
^ 3* 

1634 ' 494 i 

11 . 627 


8 6 2-9 1 3-524 

1 

68 13 36-1 

10*57 

; 1 F; S: 1E45°; e(i 8 , np 4' 

.1 ^ 

1635 3116 i 


A 563 

8 6 26-4; 2-215 

3 

126 58 24-1 

10*57 

1 3 Ci;B; L;lC;iE; 8 t 9 ... 12 .., 
1 2 Cl;B;L;iC;st 7 ...l 6 

, 3 

1636; 3117 



' A411 

8 6 31-GI 1-769 

i 2 

i 138 51 3-1 ; 

j 10*57 

J 2 

1637 ' 496 

: VI. 22 

C.H. 

8 6 50-1 j 2-964 

2 

95 22 30-6 

! 10*62 

j 3 Cl; vL; pRi; puiC; s>t9.,.13 

7 

l638i 495 

1639 

III. 711 


1 8 7 37*5 4*892 i 

' 8 8 46*0 4*438 

1 1 

1 

31 46 48-9 
39 32 33*9 

i 10-73 
! 10-73 

1 pB; S, mE O'^; psmbM 

1 eF;cL;lE45°+ 

:! 1 

1640 497 i 

II. 303 


18 10 33-7; 3-568 

1 

66 6 1-0 

1 10*90 

1 1 |F; S; K;inbM;r 

! * 

1641 498 

111.256 ; 


! 8 10 43-9 3-094 ; 

1 

88 48 46-3 

10*91 

1 1 vF; cS; IF; 3Sstinv ? 

1 f 

l642j 499 

111. 606 


1 8 11 6-8 .3-500 

1 

69 3 9*5 

10*95 

! 1 jvF; S;R; sbM; stellar 

1 3 

1643 3118 

1644 ; 


D’Arre.st, 52 

8 11 21-1 2*499 

8 11 42 3*51 

1 

[3] 

1 

117 2 10-9 
68 34 36 

10-93 

10*98 

! 1 iF; pL; gmbM; ain60st 

'[3]|l^pL . 

i J 

1645 500 

III. 607 


8 12 13*6 3*512 

68 26 14-6 

11-02 

1 1 F ; C.8 ; II 

1 2 

1646 501 

11.634 


8 12 26-5 3*510 

1 

68 30 37-2 

11-04 

I 1 |cF;S; R;bM 

! 2 

1647 3119 



8 12 27*9 2*633 

1 

111 22 33*6 

11-02 

1 1 vF; S; R; gbM; am60+st., 

'1 J 

1648 

III. 288 


8 12 48-8 2*549 

1 

115 1 53-2 

11-04 

1 1 vF;cL;er 

1 

r 503^ 
1649^ = V 

iVII. 64 


8 12 58*1 2*421 

3 

120 12 19*8 

11*06 

j , fCl: pL; pRi; 1C; iR;l 
j [ gtll...l4. J 

4 

L 312 O J 

1650 


D’Arrest, 53 

! 8 13 10 3*50 

[2] 

68 41 48 

10-98 

I [2] vF; cE; 3vSst f 

0 

1651 502 ! 

VI. 39 

8 13 15*1 -1-2-444 

1 

119 18 33*1 

11-07 

J 1 Cl; vL; cRi; 1C; st9( 

3 

1652 3176 

1653 

n, 259 


8 13 25-4 _ 140-624 

8 14 16-8 H- 3-543 

1 

1 

179 41 7-5 

66 57 59*4 

7*74 

11-18 

i 1 F; S; R; glbM; Polariss. 
1 Austr, 

I 1 F; S; IF; r 

1* 

J 

1654 3121 

III 902 


8 14 49*0 2*818 

2 

102 52 35-0 

11-20 

i 2 F ; viE ; gbM ; r ; am 50 st . .. 

3 

1655 3122 

1656 3123 

1657 504 

111.753 


8 15 35*1 2*272 

8 15 44*3 2*435 

8 17 3-0 3-488 

4 

1 

2 

125 46 36-2 

119 52 8-5 
69 13 21-1 

11*24 

11-25 

11-37 

4 * = h. 4083 inpSneb; am 

70 St. i 

1 Ci; cL; pRi; pC; R; stl2... 
3 vF; pS; K, gl6M; *p75"... 

4 

1 

4 

1658 3124 

1659 3125 

1660 605 

1661 506 

1662 507 

11. 315 
III. 599 
in. 234 


8 17 39*0 2*461 

8 17 39-2 2*369 

8 18 41*2 3*615 

8 19 34*0 3*511 

8 23 58*8 +3*529 

1 

1 

1 

1 

1 

119 2 32-8 
122 31 10-1 
63 35 7*7 
68 3 46-8 
66 58 8*1 

11-46 
11*47 
11*49 
11-56 
+ 11*87 

1 Cl; pmC.M; iF; 8t9, 10...13. 
1 Cl; IF; S; R; gbM; st 15 ... 

1 pF;S;R;vsbM* 

1 vF; pL; IF; r; |sp2' 

1 vF;S; stellar 

1 

1 

2 

2 

2 


L 2 
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SIE J. P. W. HEESCHEL’S CATALOGUE 


Cata-i Sir J. H.'s SirW. E.’s 
loguejCatelogues Ctees Authorities, 
of 3 ebul®. ana h os, 


1663 3126 

1664“ 508 


1672 <1 = > IV. 35 

i L3127J 
1673, 3128 

1674 3129 11.266 

1675; 515 III. 257 

16761 514 11.319 

l677i 

11678:/ ^Hvil. 63 

i ! L 3132 J 

l679i III. 982 

16801 III. 235 

1681| 517 

16821 in. 983 

1683 3133 

1684} 518 1.204 

I685j 3134 

1686| 519 

il687i 31.36 

1 1 f 52n 

|l688i<; = > III. 49 

I i 13135 J 

1689^ 522 11.727 

]690| II. 908 

I 169 I 520 1.288 

|l692 523 

1693 4017 t 

!i 694 3137 i 

1695 3138 I 


III. 50 

3139 

524 

D’Arrest, 54 

525 

3140 

3142 

3141 i A. 489? 490 i 

526 j 11. 80 I 

526 o R. nova 


1708 528 VIII. 10 

1709; 529 in. 294 

1710; 529, a ...... 


1711 530 1.242 

1712 531 M. 67 

1713 532 1.200 


I D’Arrest, 55 

527 n. 48 I 



Annual 



Annual 

Right 

Precession 

Ro. 

North Poke 

Precession 

Ascension 

in 

of 

Di8tftU(» 

in 

for 

Right 

Obs. 

for 

N.P.R. 

1800, Jan. 0. 

Ascension 

used. 

1860, Jan. 0. 

for 


for 1880. 



1880. 

h m s 

8 24 27-7 

+ 0*438 

1 

157 39 23*2 

+ 11*84 

8 24 32*8 

4*510 

2 

36 41 28*9 

11*93 

8 24 48-6 

3*691 

1 

59 59 13*9 

11*93 

8 25 8*2 

4*500 

2 

36 44 52*5 

12*05 

8 25 8*2 

4*500 


36 40 52*5 

12*05 

8 25 + 



36 44 + 


8 25 27*2 

3*628 

1 

62 32 51*4 

11*98 

8 26 43-8 

3*661 

2 

61 3 35*1 

12*07 

8 26 48*7 

1*170 

2 

150 38 29*3 

12*01 

8 26 57*1 

2*771 

0 

105 39 51*8 

12*06 

8 27 10*4 

2*830 

1 

102 41 44*4 

12*08 

8 27 14*9 

2*628 

3 

112 29 47*4 

12*08 

8 28 48*7 

3*093 

1 

88 48 50*0 

12*20 ! 

8 29 0*5 

3*662 

3 

60 49 18*6 

12*22 ! 

8 30 27‘5 

2*178 

3 

130 11 3*7 

12*29 1 

8 31 28*3 

2*476 

2 

119 28 1*1 

12*37 1 

8 31 32*3 

6*536 

1 

16 45 45*1 

12*47 

8 31 51*1 

3*539 

1 

65 57 15*6 

12*42 

8 32 9*0 

3*462 

1 

69 32 36*2 

12*44 

8 32 33*3 

6*501 

1 

16 51 47*2 

12*54 

8 32 58*2 

2*357 

1 

124 16 9-1 

12*47 

8 33 37*9 

4*342 

4 

39 17 45*8 

12*56 

8 33 41*5 

1*596 

2 

144 37 47*0 

12*50 

8 34 20*5 

3*005 

1 

93 37 53*4 

12*50 

8 34 20*5 , 

2*000 

1 

13a 43 5o'5 j 

: 12*55 

8 34 51*4^, 

3*345 

; ^ 

1 

75 13 2*6 ! 

12-62 

8 35 17*8 ; 

3*802 

2 

1 54 47 16*5 ! 

: 12*65 

8 35 58*9 i 

6*024 

1 

1 19 11 53*8 1 

j 12*76 

8 37 4*6 1 

8*188 

1:: 

! 11 15 26*7 ^ 

' 12*89 

8 37 28*1 1 

4*503 

“ 1 1 

i 35 36 46*6 ! 

: 12*82 

8 37 45*6 ; 

2*42.3 

! I 1 

122 9 4*7 i 

12*79 

8 37 50*2 1 

2*060 

I 2 

134 27 15*7 

‘ 12*79 

8 38 1*3 1 

1-977 

2 

136 42 16*0 , 

1 12*80 

1 

8 38 43*9 i 

' 3*309 

1 

76 54 43*4 

j 12*88 

8 38 59*6 i 

2*800 “ 

1 

104 47 19-7 

I 12*89 

8 39 29*7 1 

i 3*309 ' 

1 

76 53 9-2 

1 12*94 

8 40 20 ! 

1 3*43 

[I] 

1 

70 27 48 i 

i 12*99 

8 40 20-3 

“ 4*183 1 

42 25 39*3 1 

i 13*01 

8 40 50*8 ; 

1 1*694 i 

i 1:: 

: 143 27 29*7 i 

i 12*99 

8 41 3*4' 

1*928 

1 

|l3B 16 31*0 1 

j 13-00 

8 41 7*1 I 

: 2*174 

1 

131 22 30*3 I 

13*01 

8 41 23*5 : 

3*432 

3 

70 24 45*8 : 

1 13*06 

8 41 23 + 


... 

I 70 24 + 1 

1 

1 

8 41 52 

j 4*46 

[1] 

1 

! 35 58 48 : 

1 

: 13*11 

8 42 1*3 1 

3-430 

1 

1 70 28 19*0 

: 13*10 

8 42 32*9 i 

3*283 

3 

1 78 8 45*2 

13*14 

8 42 59*4! 

3*685 

1 

I 58 36 38*1 

13*17 

8 43 + 


... 

58 36 + 


8 43 26*1 ’ 

j 4*348 

2 

38 9 35*3 

13*21 

8 43 34*3 

i 3*291 

4 

77 40 36*0 

13*20 

8 43 58*0 

1 +3*746 

3 

56 3 38*9 

1 +13*23 


Total 

Summary Dwription from a 
Comparison of all the 
Obsmations, Eemarls, &c. by L 
and H. 


1 F;pS;R;gbM 

2 eF;S;R; *9S^•pof2 

2 vF; pL; R: IbM; r; |nr . 
2 (•F;S;R:fof2;*310''.... 
: : Place from 510 h. by MS. . 
... No description or place .... 

1 leF 

2 jp' ; vlE ; mbM ; r 

2 Cl;pS;lRi;IC 


2 F; S; att to#13; *7 nf, 10*...i 

1 B; S; E; psbM;bet2st 

3 rB;L; vniEll0°-3. 

1 ;eF; pL ; iF 

3 F;pS;R;bM;r 

3 *9 iuv in pB, pL, R, neb ... 

2 ClicL:pRi;pC;8tll...l3.. 

1 bF; 8; stellar 

1 ;cF;8 1 

1 Pnesepe Cancn 1 

1 I vF; S: stellar 1 

1 iCi; pinC; irr A; Pt 13 , 

4 ,cB; 8; £130'^ + ; psiiibM#?..' 

2 IpB; 8; R; 3or4 vSstpnr...| 

1 |\F; pL; gbM; r; 2pBBt.s,6i| 
1 C);8;stLdS I 


3 F;L;R;r 4 i 

1 ipB;pL;iF:er 1 | 

1 jvB; cL; 1E90“ + ; g) svmbMj 2 
1 ieF; psbM i 1 ! 

1 tCl;pS;lRi;IC; viF;stl2,13i 1 j 

2 Cl;L;Ri;pmE;stll...l4J 2 I 
2 “Cl; p8; mC; iR; gbM; 2 j 

i 6tl3...15. i 

1 !eF;cL;R;lbM !♦ | 

1 jvF; vS; R; bM; *15m nr ... 1 

1 Cl; St 9... 10 1 ; 

[l],eF 0 ; 

1 Cl; LC 1 i 


1 iCl;pL;P;lC;8tl3 ! 1 | 

1 jCl;pRi;lCM:stl2...13 ... 1 ! 

3 ;B; pL; IE lO'^or biN; rabM* 5 

... Nearly in contact with h. 526 ? 

(see description of h. 526). 

[1] vF;R; 4tl5pl2*,270‘’ 0 

1 eeF;pL;lbM;r. 2* 

4 CI;vlC;P 5 

1 pF;vS;R;bM 2 

... Makes e close D neb with 0 

h.529. 

2 vB; L; vg, vsmbM*10 3 

5 ll; Cl; vB; vL; elli; IC; 8* 

St 10... 15. 

3 ! vB ; vL ; vmE 40'’*9 ; gmbM .. 5 



or NEELT^ AOT) CLUSTERS OF STARS. 


77 


No. 

of 

Cata- 

logue.j 

References to 

Right 

Ascension 

for 

1860, Jftn. 0. 

Annual 

Precession 

in 

Right 
Ascension 
for 1880. 

No. 

of 

Ohs. 

used. 

North Polar 
Distance 
for 

I860, Jan. 0. 

Annual 

Precession 

N.P.D. 

for 

1880. 

No. ! 
of j 
Ohs. ' 
ased. 

Summary Description from a 
Companson of all the 
Ob-'crvations, Remarks, &c. 1 

la 

lotal 

of 

times 

fobs. 

hyh. 

ndH. 

Sir ,T. IL’s 
Catalogues 
ol Nebuise. 

Sir W.H.’s 
Classes 
and Nos. 

Other 

Authorities. 

1 

h. 

H. 


h m s 

8 



+ 13*32 


^ ^ i 


1714: 

533 

III. 712 


8 45 2-1 

+ 4-247 

2 

40 18 38*6 


F;pL-,R;gbM;4Sstnr ... 

3 

1715 

1 











1716 } 

> 533,0 


R. 3 novae 

8 45 + 



40 18 + 



4 (incl h. 533) nearly in a line 

0 

1717: 

J 











1718: 


II. 658 


8 45 42-6 

3-909 

1 

49 55 12*8 

13*36 

1 

pF; vS; mbM 

1 

17iq! 

534 

III. 831 


8 46 48-6 

4-.366 

1 

37 23 56*2 

13-44 

1 

vF; S; R: psbM 

2 

1720 

535 

II. 823 


8 46 53-6 

4-333 

1 

38 7 1-2 

13-44 

1 

pB ; mE 0°+ ; p^mbM 

2* 

i7;^ii 

536 

II. 280 


8 47 20-4 

3-027 


92 32 2-2 

13*44 

1 

pF; cS; E90°+; bet2st ... 

2t 

1723 ' 

> 536,0 


R. 3 novae 

8 47 + 



92 32 + 

13-48 


No description 

0 

17:?4: 










172.0 



II. nova 

8 48 0*0 

.3*09.6 


92 28 2*2 




0 

1726! 

538 


8 48 33*4 

3-025 

i' 

92 39 34-6 

13-52 

1 

vF; pS; R; r; *9p.. 

1 

1727 ; 



D’ Arrest, 56 

8 48 43 

3-025 

[3] 

92 34 48 

13-53 

[2] 

vF; S; R; *15 p, 44" n; 

0 

j 










h. 538 iir. 


1728' 

537 

IV. 66 


8 48 46*5 

4*438 

1 

.35 41 54*1 

13-.67 

1 

pB; fan-shaped; *11 att 

2t 

1720 

III. fi25 


8 48 .54*1 

.3*89^ 

1 

.60 7 22*8 

13-56 

1 

vF; vS 

1 

1730' 


II. 281 


8 48 58‘2 

3*02-2 

0 

92 50 24*5 

13-55 

1 


2 

1731' 


TIT. 841 


8 4Q 1.6*0 

4-.636 

1 

.33 46 .65*0 

13*60 

1 

vF;S 

1 

17.32 




8 50 3*8 


1 

44 33 26-5 

13-65 

1 

pB; L; E; vgbM*18 

1 

17.33 

3143 



8 50 5*7 

1-451 

1 

148 41 21-4 

13-58 

1 

eF; S; R;'pslbM 

1 

1734 

3144 




8 50 52*5 

2-6.32 

0 

114 8 0-1 

13*67 

2 

pF; S; R; vgpmbM 

2 

17.3.5 

542 



8 51 19-6 

.3-189 


83 7 51-0 

13-70 

1; 

F;pL;R...T.‘. 

1*“ 

173G' 


TI. 557 


8 51 19*6 

.3*180 

1 

83 9 32-0 

13-70 

1 


1* 

1737 

541 

III. 540 


8 51 25*7 

3-785 

1 

53 44 .3-6 

13-72 

1 

vF; S; E110"+; 2vFstinv. 

4 

173s 

539 



8 51 28*6 

8-388 

1 ; 

10 14 54-9 

13-83 

1; 

pB; S; E45^+; *nf 

1 

1739 

543 

II. 529 


8 51 59*2 

2-997 

2 

94 21 30-2 

13-74 

2 

;eF; pL; R; vgbM 

3 

1740 


III. 264 


8 .69 oa.A ! u.fl 1 7 

2 

93 1 1 6-1 

13-77 

2 

jvF ; vS : stellar 

2 

■1741, 

544 



8 53 6’7 

.3*781 

i 1 1 

53 42 41-9 

13-83 

1 

e.F; S; stellar 

,) 1 

I1743; 

545 

II. 834 


8 53 51*4 

4-769 ! 1 

29 30 44*0 

13*90 

1 

|cF; pS: iR; er 

2* 

;1743 

546 1 


1 

8 .64 9*0 

1 

92 50 1.5-1 

13-87 

1 

vF;L;R;bM 

! 1* 

*1744; 

547 

1 ! 


8 55 0*5 

3*018 

1:: 

93 10 31-9 

13-93 

1 1 

eF; R 

■i 1 

11745' 

3145 

1 


8 55 30*8 

2-097 

1 

1 1 35 20 55-2 

13*94 

1 1 

1 !; ppF; vT,! vvmFlQ'’ 

1 It 

ji746' 



1 D’ Arrest, 57 

8 55 58 

3-47 

[2] 

67 28 48 

14*00 

:[2]|Dneb; pB; S, notR; coin« 

. 0 

1747! 



1 D’ Arrest, 58 

8 55 59 

3-4*6 

’[2] 

1 

67 32 48 

14-00 

1 1 s 4 • 

721 'vFr vS 

0 

1748! 

549 


8 56 5*6 

4*305 

37 41 23*9 

14-03 

! 1 


1 

jl749l 

549, a 


II. nova 

8 56 



37 41 


! 1 

'Makes D neb with h. 549 .. 

0 

il750| 

550 

I. 249 


8 56 26*3 

4*788 

1 

28 58 21-8 

14-06 



3 

ll751j 


III. 608 


8 56 34*0 

.3-527 

1 

64 26 53*5 

14*05 

1 

leF; 8; R; vIbM 

1 

il752| 

551 

III. 60 


8 56 43‘6 

.3-399 


70 59 30-5 

14-05 



3 

1753; 

548 



8 57 9*1 

7*170 

1: 

12 56 4-8 

14-16 

i: 

:^pBi pL: E; vglbM 

1 

1754; 

552 

III. 825 


8 57 15*0 

3-760 

4 

54 3 51*7 

14-09 

4 

eF;‘S; R;"vglbM; *12 

, 5 











1 345\50". 


1755 



D’Arrest, 59 

8 57 28 

3-39 

[4] 

71 7 5 

14-09 

■[4]inF; S; R;bMN-*15 

0 

1756 

1 f 

III. 291 


8 57 34-4 

.3-514 

3 

64 0 27*3 

14-11 

3 

|vF : cL ; R ; bMN ; 2 c st p .. 

3 * 


1 


D’Arrest, 60 

8 57 35 

3*5.3 

[2] 

64 0 24 

14*10 

1 [2] '*15*16 inv in pB ; pL neb 40' 

0* 










1 

diara. 


1757 



D' Arrest, 6l 

8 57 5.6 

.3*.6.3 

rn 

64 6 12 

14-12 

!rn,vF-rs 

0 

1738 


III. 626 



0 

47 44 29*7 

14*19 

2 

IvF- S* iF- IbM; r 

1 2 

1759 

553 

II. 828 


8 58 .62*0 

4-387 

1 

35 33 23*3 

14-21 

1 


; 2 

1760 

554 

III. 647 


8 59 39*7 

.3*81 1 

1 

51 48 43*9 

14-23 

1 

lvF-eS*R 

i 3 

1761 560 

III. 275 


9 0 1.^*6 

9*890 

1 

104 56 21-5 

14*25 

1 

ivF- pS* bM* S# 30"n 

; 2 

1762 

557 

III. 236 


9 0 16-2 

3-450 

1 

67 59 30-1 

14-27 

1 

jcF;’vS; R; er; bet2pBst ... 

3 

1763 

558 

II. 520 





86 2 37*8 

14*26 

1 


3 

1764 

556 






{ QQ q 40*n 


1 

jeF- sbM*i- 6 - 1st of 3 

1 

1765 

555 

1. 250 


9 0 41*1 

4*728 

1 

l Oj ^ “w Vf 

29 23 40*6 

14-32 

1 

icB; cL; !£; psmbMLBN ... 

2 

1766 

559 




4*224 



14-32 



2 

1767 

559,0 


R. nova 

9 0 + 

1 

0 J 7 V ^0 vl 

39 ± 


+)ne Vf4 (h. 556,’ 559, 561); 

0 











one vF ; one E. 


1768 

562 

Jl. 490 


9 0 56*7 

+3*694 

3 

56 18 26*3 

+ 14*31 1 

3 

F; L; niElSO®; r; 2stn 

4 
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Ifo. 

of 

Cata- 

logue 

Erferenees to 

Sight 

Ascension 

for 

1860, Jan. 0. 

Annual 

Prec^on 

in 

Bight 
Ascension 
for 1880. 

No. 

of 

Obs. 

used. 

North Polar 
Distance 
for 

1800, Jan. 0. 

Annual 

Precession 

in 

N.P.D. 

for 

1880. 

No. 

of 

Obs. 

used. 

Summary Description from a 
Comparison of all the 
Observations, Eomarks, &c. 

Total 
No. of 
times 
of Obs. 
by h. 
and H. 

Sir J. H.’8 
Catalogues 
ofNefauise. 

SirW.fi.’ 
Ciasaes 
and Nos. 

Other 

Authorities. 


h. 

H. 


h 

m s 

g 







1769 

561 



9 

1 0*0 

-f 4*226 

0 

39 4 21*1 

-f 14*27 

2 


2 

1770 

3146 



9 

1 27*6 

2*671 

1 

113 5 19*6 

14*32 

1 

eF;lE;'lbM?.... 

1 

1771 

564 

L 2 


9 

2 52*2 

3*195 

2 

1 82 23 38*9 

14*43 

2 

cB; cL; R; vg, vsmbM; r? . 

7 

177‘? 

563 



9 


4*014 

1 

44 28 15*5 

14*45 

1 

pB; L; R; vgbM; r 

1 

1773 

565 

ni. 61 


9 

3 1*4 

3*377 

1 

71 44 55*2 

14*44 

1 

vF; S; R; ain,5Sst; 

2^ 












(?FD 70 °) 


177^ 

566 

11. 564 


9 

3 44*1 

3*732 

4 

i 54 24 3*7 

14*49 

4 


6 

jl775| 566,0 


R. nova 

9 

3 


1 54 24 


eF; companion of h. 566 

0 

1 

1776 

567 

III. 826 


9 

4 3*5 

3*728 

1 

! 54 29 46*3 

14*51 

1 


' 2 

fseol 










1777 

i = ^ 

1. 66 


9 

4 50*4 

2*837 

2 

104 14 58*2 

14*54 

0 

B; S; pmE90‘^+; psmbM.,, 

3 


L3147J 












1778 

568 

1. 167 


9 

5 16*1 

3*858 

0) 

1 

49 21 24*4 

14*58 

fn !cB; R; mhMRX 

2 

1779 


III. 295 


9 

5 21*2 

3*613 

59 23 25*4 

14*58 



' 1 

r57n 








ll; L; mEG3=*7; gmbM 

1 

1780 

1 ~ r 

I. 59 


9 

6 5*8 

2*670 

3 

113 36 36*3 

14*61 

3 


5 


1 3148 j 












1781 

570 

1.216 


.9 

6 25*9 

5*535 

1 

20 12 11*7 

14*69 

1 

B; pL; 1E90' + ; tnbM; r 

4 














1782 

3150 



9 

6 36-0 

0*866 

1:; 

157 21 50*0 

14*G0 

1 


1 

1783 

3149 



9 

7 10*6 


3 

131 51 37*1 

14*6/ 

3 

!; 0; pB-#9; vS; H 

4 











am St. 


1784 

572 



9 

8 11*6 

3*705 

0 

54 59 4*8 

14*76 



0 

1785 

-*‘73 

III. 296 


9 

8 17*0 

3*624 


58 31 50*8 

14*76 

1 

eF; S; R; IbM ’ 

0 

1786 

575 

III. 62 


9 

8 21-5 

3*.^Q2 

fV) 

70 27 55*8 


1 


2 ’ 

1787 

575 

III. 63 


9 

8 21*8 


70 28 25*8 


1 

vF; S; K; r 

2 

1788 


II. 708 


9 

8 31*6 

3*899 

i 

47 27 36*4 

14*78 

1 


1* 

1789 

574 

III. 832 


9 

8 39*8 

4*271 

1 

36 54 12*0 

14*80 ' 

1 



1790 


III. 878 


9 


4*971 

0 

i 25 18 38*6 

14*82 i 

2 


■ 2 

1791 

577 



9 

8 54-8 

3*41.3 

1 

; 69 13 19*7 

14*79 ^ 

1 


1* ; 

1792 



D’Arrest, 62 ! 

9 

9 5 

3*34 

[3] 

' 69 22 9 

14*80 ! 

rs] vF; vS; h. o78f7*'5; A.P.D. 

0 * i 












118", 


1793 

3152 


A. 265 

9 

9 9-9 

1*185 

4 

+54 17 18*8 

14*76 

4 

!; vL; eRi; vgeCM; 

4 










1 


45*'il; stl3...15. 

1 

1794 

578 



9 

9 12*3 

3*410 

1: 

69 21 43*3 

14*81 1 

1 

vF; S; K; sfof2 

1 J 

1795 


III. 749 


9 

9 35*0 

5*953 

1 

17 34 40*4 1 


1 

F;cS;bM 

2 


r 5801 






14*88 j 




1796; 


II. 505 


9 

9 37'1 

2*817 

2 105 43 14*6 

14*82 1 

0 

pB; pS; E 45°+ ; psmbM ... 

3 

! 

[3151 j 








1 




1797' 


II. 868 


9 

9 39*0 

4*97.5 

0) 

1 

25 9 42*1 

14*87 ^ 

(1) 

1 

F; S; iF; 1st of 2 

1 


576 

11. 869 


9 

9 41 '2 

4*974 

25 10 11*1 

14*87 1 

F; 8; E; 2nti of 2 

2 

,1799! 

3153 

III. 242 


9 10 3-6 

2*6R8 


113 2 16*5 

14*85 

1 

F;S+E;gbM 

3 

1800! 

579 



9 10 17-0 

4*684 

1 

28 57 59*7 

14*89 

1 


1 

|180l| 

3154 


A. 564 

9 10 21-5 

2*417 

2 

126 1 53*8 

14*86 

2 

I; OpB; pL; R; vglbM; in 

2t 

1 ! 











L,C, CL 


11802 

3135 



9 10 .39-7 

2*628 

1 

116 14 46*4 

14*88 

1 


^ 1 

jl803, 

3156 



9 10 41-4 

0-71.3 

1 •• 

1.59 3 42*.ti 

14*85 

1 

pF* vS; RjglbM 

1 

1804 

581, a 


R. nova 

9 10 43*8 

3*680 

.. 

55 49 34*9 

14*88 


R.MS. No description 

0* 

1805 

m,b 


II. nova 

9 10 43-8 

3*680 


55 19 34*9 

14*88 


R.M 8. N 0 description ...... 

0* i 

1806 

581 



9 10 50’9 

3*680 

1 

55 40 39*3 

14*91 

2 

vF;E;I.118f 

2* ■ 

1807 



D’Arrest, 63 

9 10 52 

3*68 

[21 

55 47 48 

14*91 

[2] 

vF; vS; R; h. 581, 6' n 

0* 

1808 

581, e 


R. nova 

9 

10 53*4 

3*680 


55 29 4*9 

14*92 


R-MS. No 4680*1 ption 

0* 

1809 

581, 


R. nova 

9 10 58-4 

3*680 


55 47 34*9 

14*93 


R.MS, No description 

Q* 

1810 

582, a 


R. nova 

9 11 3-1 

3*680 


55 28 34*9 

14*93 


R.MS. No description 

0 * 

1811 

582 

I. 113 


9 11 12*9 

3*680 

9 

.5.1 39 34*9 

14*93 

0 


4* 

1812 

582,5 


R. nova 

9 11 14*5 

3*680 


55 40 20*3 

14*92 


jS in Lord R.’s diag. \ v nr I. 

0 * 

1813 

582,0 


R. nova 

9 11 16*0 

3*680 


55 27 34*9 

14*92 


z in Lord R.s diag- J 113, 

0 * 

1814 

m,d 


R. nova 

9 11 17*6 

3*680 


65 27 34*9 

14*92 


R.MS. No description 

d* 

1815j 

582, e 


R. nova 

9 11 32*6 

3*680 


65 42 29*3 

14*92 


of Lord R.’s diagram ...... 

0 * 

1816! 

3157 



9 11 41*7 

+ 0*760 

1 

158 45 49*0 

+ 14*90 

1 

F; pS; R; glbM 

1 



OF NEBFUE AND CLUSTERS OF STARS. 


Sir J. H.’s 'SirW.H.’s 
Catalogues j Classes 
ofjfebalse. ) andJlos. 


Other 

Authorities. 


1819i 

18201 683 

18211 582 ,^! 

1822; 5S6 

18231 584 

1824! 3158 

1825! 

1826 | 

1827i 31.59 
1828 587, < 

18291 587 


111.627 


III. 827 
I. 205 


R. 2 novae 


R, nova 


III. 64 
HI. 628 


HI. 488 


1830' 

3160 


.•1831; 

588 

HI. 629 

|1832, 

590 

III. 630 

,1833, 

589 

III. 714 

1834 

589, a 


*1835; 

592 1 

I. 132 

1836! 

591 1 

III. 713 

:1837| 

593 1 

1.137 

|1838 

594 1 

III, 520 

;i839j 


II. 67 

'1840* 


11. 58 

!184i! 

3l6l j 


1842 

3162 ! 


1843 

3163 1 



R. nova 


1844 

595 

III. 846 


1846 

597 

II. 546 


1846 

597, a 


R. nova 

1847 

598 

li. 547 


1848 

596 

1. 260 


1849 

3164 



1850 

599 



1851 

3165 



1852 

3168 



1853 

3166 



1854 

600 

II. 555 



3167 



IS66 

602 

III. 297 


1857 

603 

HI, 8 


1858 

601 



1859 

3169 



I860! 


HI. 276 


1861 

604*1 

I. 56 


1862 

3170 



1863; 

604*2 

1. 67 


1864 

606 

H. 495 


1865 

607 

H. 506 


1866 


HI. 977 


1867 

605 



1868 

3171 



1869 

608 

11. 40 


1870 

609 

HI. 613 


1871 

3174 



1872 

610 

IL 260 


1873 

611 

HI. 298 


1874 

3172 





Eight 

Annual 

Precession 

So. 

Norfli Polar 
Distance 
for 

1860, Jan. 0. 

Annual 

Precession 

So. 

of 

Ob,. 

used. 

Summary Description from a 

Total 
^o.of 
times 
f 01 b. 
bv h. 
ndtt 

for 

1860. Jan. 0 

Right 
Ascension 
for 1880. 

Obs. 

used. 

S.P.D. 

for 

1880. 

Comparison of all the 
Observations. Eemarks, &c. 

h m 8 

9 11 + 

9 11 45*3 

8 


55 40 + 

- 


2 of 15 seen 

0* 

I 

+ 2*817 

1 

105 53 11*2 

+ 14*94 

1 

eF; R; bM; *f8’**5 

9 11 50*3 

3*813 

1 

50 7 15*1 

14*97 

1 

vF;vS;Il 

3 

9 12 6*0 

3*680 


55 46 35*3 

14*98 


C of Lord R.’s diagram 

0* 

9 12 13*5 
9 12 19-6 

3*714 

1 

54 2 26*7 

14*99 

1 

cF; S;R; *10 up 2' 

3 

4*187 

1 

38 25 33*3 

15*01 

1 

vB; L; vmE 150°*8; vsmbM 
= *10. 

3 

9 12 29*8 

1*357 

1 

152 28 51*8 

14*96 

1 

F; vS; bet 2 st 

1 

9 12 41*2 

3*385 

1 

70 28 52*3 

15*01 

1 

S* and neb 

1 

9 12 53-2 

3*832 

1 

49 15 51*9 

15*03 

1 

cF: cS 

1 

9 13 2*9 

2*392 

1 

127 25 37*3 

15*01 

1 

vf; S; R; *12attsf 

1 

9 13 30 



105 55 



np 587 h.; dose 

0 

9 13 30*4 

2*819 


105 55 14*5 

15*05 

1 

vF; cL; E 45®+; gIbM; 
*11 sf9*. 

2 

9 13 52*9 

2*3.30 

1 ' 129 57 21*8 

15*06 

1 

eF; cL; R; vgibM rr 

1 

9 14 20*7 

3*826 

I 

49 16 29*6 

15*12 

1 

vF; cS; R; *10 p 2': Ist of 2 

2 1 

9 14 24*2 

3*827 

1 

49 14 39*6 

15*12 

1 

vF ; S ; vgbM ; 2nd of 2 

2 * i 

9 14 30*9 

4*108 

2 

40 11 39*9 

]5*13 

2 

,cF; cS; vlE; pglbM; 1st of 2 

3 j 

9 14 + 


... 

40 11 + 



Seen with h. 589, 591 

® 1 

9 14 41*5 

2*895 

1 

101 18 57*6 

15*12 

1 

pB: pL; R; gmb.VIN 

4 

9 14 44*2 

4*108 

2 

40 9 20*2 

15*14 

2 

oF;cS;lE:bM;2nd of 2 ... 

3 

9 15 45*1 

.3*684 

3 

54 53 13*7 

15*19 

3 

'vB;pL: R;smbM 

' 4 

9 16 48*2 

2*920 

I 

99 50 3*2 

15*24 

1 

cF; S; E; bet2stl2, 16 ... 

2 

9 17 8*3 

3*259 

J 

77 46 . 1*8 

15*26 

1 

F:vS, pof2 

1 

9 17 11*2 

3*258 

1 

77 46 16*1 

15*27 

1 

pF;S, fof2 

B; S; R;gbM 

1 ^ ! 

9 17 11*3 

2*710 

2 

112 34 33*8 

15*26 

2 

1 2 

9 17 21*9 

2*016 

1 

140 30 21*5 

15*25 

1 

Cl; 1C 

' 1 1 

9 17 28*1 

1*694 

7 

147 42 57*5 

15*25 

i 7 

I!!; 0 =*8; vS; R; *15, 
59®’13, 13". 

6 ; 
1 2 

9 17 37*9 

4*454 

1 

32 1 44*8 

! 15*26 

1 

cF;S;E;vglbM 


9 18 8*2 

3*255 

5 

77 57 53*6 

15*32 

6 

|pF;pS;R;bM;pof2, 109' 

’ 7 

9 18 



77 58 


1 ... 

'Forms A with 2 E neb ...... 

0 

9 18 13*1 

3*255 

6 

77 58 34*9 

15*33 

6 !vF;pL: R;bM;fof2 

7 

9 18 33*5 

4*7.58 

2 

26 54 27*1 

15*37 

5 

B; cS; R ; mbM ; am st 

3 

9 19 30*4 

2*502 

1 

123 29 36*4 

15*38 

1 1 

vF; S; vglbM; rrr; st 11m.. 

1 

9 19 42*4 

3*445 

1;; 

66 22 59*3 

15*41 

1 1 

eF; vS; E90°+ 

1 

9 20 8*5 

2*740 

1 

111 8 37*6 

15*42 

i 1 

eeF;pL 

1 

9 20 11*4 

1-.370 

2 

153 12 29*0 

15*40 

3 

:F; S: K; pmbM; B*nr ..... 

3 

9 20 12*5 

2*627 

2 

117 25 24*9 

15*43 

' 2 

!cF;S;R;gmbM 


9 20 24*7 

2*904 

1 

101 2 12*2 

15*44 

1 

ipF; pS: vlE; VglbM; r 

! 2 

9 20 41*0 

2*688 

1 

114 11 43*5 

15*45 

1 1 

!F;S;R;bM 

i 1 

9 21 59*9 

3*562 

2 

59 49 57*2 

15*54 

, 2 

IvF; S; R; vsbM*12 

i 3 

9 22. 2*3 

3*195 

1 

81 39 42*2 

15*54 

1 

!vF; E; er; 2 or 3 st inv 

J 4 

9 22 12*0 

4*421 

1 

31 54 24*1 

i 15*57 

: 1 

IvF; vS;R; VgbM; S7's .. 

1 1 

9 22 42*2 

1*839 

1 

145 30 15*5 
104 6 31*2 

15*55 

; 1 

F; pL ; R ; gmbM ; am 80 st 

,i 2 

9 24 5*4 

2*8Gl 

1 

15*64 

I 1 

!vF; vS; stellar 

i 1 

9 24 14*6 

3*409 

2 

67 53 46*8 

15*66 


'cB ; vL ; E ; gmbM ; r; sp of 2 

!i 4t 

9 24 15*4 

2*592 

1 

119 46 47*5 

15*65 

! 1 

iF; S;1E; psbM 

! 1 

;■ 4t 

9 24 16*3 

3*410 

2: 

67 52 60*1 

15*67 

1 2: 

jvF; cL; R; psbM; r; nf of 2 

9 24 37*6 

3*203 

2 

80 57 11*4 

15*68 

i 2 

jF;pS;!E:gbM 

i 3 

9 25 2*9 

2*830 

1 

106 7 27*0 

15*70 

; 1 

jpF; S; lE90...180;ffibsf ... 

2 

9 25 15*9 
9 25 26*7 

7*880 

4*972 

1 

1 

9 37 30*0 
23 26 15*8 

15*80 i 1 
15*76 1 

leF; vS 

leF;S:psbM 

1 

1 

3* 

9 25 37*0 

1*992 

3 

142 17 26*0 

15*70 

i 3 

|Cl;cL:pRi;pC:stl0...14. 

9 26 15*3 

3*228 

1 

79 13 53*1 

15*77 

j 1 

iF:pL;R:gbM;pof2 ...... 

4 

9 26 33*1 

+ 3*227 

1 

79 16 23*4 

15*78 

1 1 

IvF* S' R; i)MN, fof 2 

2 

9 26 54*2 

-0*275 

1 

166 0 46*2 

15*74 

1 

ipF;pL;R;gbM 

1 

.3 

9 26 57*2 

+ 3*408 

2 

67 40 32*3 

15*81 

i 2 

IF; S; vlE 

9 27 24*1 

3-589 

1 

57 40 57*2 

15*84 

i ^ 

jvF; cS; R; sbMN 

3 

9 27 49*1 

+2*769 

1:: 

JIO 13 55*2 

+ 15*84 

1: 

!eF; S; R; p of2 

1 



80 


SIE J. F. W. HEESCHEL’S CATALOGUE 


Jfo. 

of 

Cata- 

logue. 

Eeferences to 

Eight 

Ascension 

for 

1800, Jan. 0. 

Annual 

Preceission 

in 

Eight 
Ascension 
for 1880. 

! 

No. 

of 

Obs. 

used. 

North Polar 
Distance 
for 

1800, Jan. 0. 

Annual ! 
Precession 
in 

N.P.D. 

for 

1880. 

No. 

of 

Obs. 

used. 

Bummary Description from a [ 
Comparison of aU the 
Observations, Eemarks, &e. 

Total 
So. of 
times 
rfObs, 
by h. 
md H. 

Sir J. H.’s 
Catalogues 
of Kebuke. 

Sir W. H.’8 
Classes 
aud Isos. 

Other 

Authorities. 


h. 

H. 


h m s 

s 







1875 

3173 

III. 597 


9 28 2-3 

-f 2*768 

2 

116 17 59*8 

+ 15*86 

2 

vF : pS ; IE ; vgIbM ; f of 2 .. . 

3 


31 75 



9 28 32*8 

2*840 

1 

105 46 48*4 

15*88 

1 

pB; S; R 

1 

1877 

3177 



9 28 57-4 

1*993 

2 

142 49 22*7 

15*89 

1 

Ci; pRi; pC; | taken 

1 

1878 


D’ Arrest, 64 

9 29 32 

3*43 

ri] 

66 10 24 

15*94 

[1] 

eF; vS; IE; vlbM ; 1st of 3... 

0 

1879 



D’ Arrest, 65 

9 29 34 

3*43 

\\y. 

66 12 12 

15*94 

ri] 

eF; S; 2nd ol 3 

0 ! 

1880 



D’ Arrest, 66 

9 29 42 

3*43 

[1] 

66 8 18 

15*95 

LiJ 

eF; vS; 3rd of 3 

0 * 

1881 

31 7Q 



9 30 6*6 

2*221 

1;: 

136 18 58*8 

15*96 

1 :;'C1; eL; vRi; St L & S ...... 

I , 

1882 

3178 

II. 556 


9 30 13*5 

2*768 

2 

110 30 23*1 

15*97 

2 ipB; pS; vlE: gmbM 

^ i 

]S8ft 

fiia 

III. 963 


9 30 28-4 


1 

12 47 47*8 

16*06 

1 

eF ; S; iFitr; I f 3' 

9 . i 

1884 

•fiu 

III. 4 


9 30 39*3 

3*215 

2 

79 51 27*0 

16*00 

3 ivF; S; vlE: bM; A st Ilf 

6 j 

188‘i 

fil3 



9 30 42-6 

3*626 

2 

55 21 52*3 

16*01 

2 

F; pL; vlEO'; vglb.M 

2 j 

1886 

3180 



9 31 15-5 

2*756 


111 24 53*9 

16-03 


F; S ; R ; gib.M ; 2 or 3 S St nr 

2 1 

1887 


III. 519 


0 31 34-7 

3-178 

fi) 

82 24 1*5 

16*05 

1:: 

vF;pL-,vgbM 


1888 

616 

IV. 68 


9 32 17-7 

4*410 

2 

30 31 1.5*3 

16*11 

0 

cF; v!S; R; vgvmbMN 


I88Q 

3182 



Q 32 38«7 

.3-291 

■t 

74 32 3-3 

16*11 

nbeeljsusp 

1 I 

I 89 O 

3181 



9 32 44*3 

.3-29-3 

1 

74 26 8*3 

16-11 

1 !vF;S:R:nof2 

1 i 

1891 

620 

III. 541 


9 32 45-9 

3*659 

1 

53 29 0*6 

16-12 

1 jcF; jiS; iR; gib.M ; r 


1892 

617 



Q .33 7*8 


1 

16 22 12*4 

16*18 

1 

eF ; *13 nr 

1 s 

1893 

618 



9 33 12-5 

5*149 

1 

20 45 24*1 

16*17 

1 

F': pL; R ; vgibM; * n 

1 ; 

I 894 

621 



9 33 24*7 

.3*1.3) 

1 

85 46 2*7 

l6*10 

1 

vF;R:d)M 

1 : 

1895 

619 

III. 315 


9 33 39-4 

5*784 

1 

16 23 43*3 

16.31 

1 ivF; vS; R; b.M 

2 

1896 

622 

I. 114 


9 34 34-3 

3*571 

4 

57 31 54*6 

16*22 

3 

H;vL;lK; vgbM;pof2 ... 

5 , 

1897 

623 

III. 751 


9 34 46'9 

.3*660 

1 

53 6 33*9 

16*23 

] 

eF ; v.S; R; b.M; r 

3 

1898 

626 

II. 275 


9 34 49-3 

3*084 

1 

89 1 56*6 

16*22 


pF;pL;R;vg!bM 

4 ! 

1899 

624 

11.491 


9 34 51-5 

3*572 

4 

57 25 34*9 

16*23 


pB;pL;lE; YglbM;fof2... 

5 i 

1900 

628 

III. 527 


9 34 .=i9'l 

2 - 96 ] 

1 

97 .57 26*9 

16*23 

1 


3 . 

1901 

627 


9 3.5 7*4 

-^•573 

] 

.57 21 1*2 

16*24 

1 

F;nfof 3 

I i 

190 ? 

3183 


A. 397 

9 35 16-9 

2*143 

1 

139 41 32*9 

16*23 

1 

Cl;.8;lHi;pC; stl3 

1 ^ 

1903 

4018 



9 35 22*9 

2*628 

1 i 

1119 24 42*2 

1 6*24 

1 

eF; oS; B*8in f 

i 1 ' 

1904 

630 

1. 61 


9 35 27-7 

3*029 

‘ 1 

! 93 4 16*5 

16*25 

1 B; CS; iH ; i)M: *9sp3' 

i ^ , 

11905 

625 

I. 285 


9 35 35-6 

5*048 

1 

1 21 26 21*7 

16*29 ' 

1 

IJ; vL; niFM52 *4; St inv ... 


1906 


I. 282 


j 9 35 47-6 

6-111 

1 

j 14 15 5*9 

16*33 

1 

cB; pL; IF 

I 1 

11907 

631 

III. 521 


i 9 36 17-2 

2*937 

1 

! 99 44 57*7 

i 16*29 

1 

pF; p.S; vlE; psbM 

2 1 

il908 

632 

III, 528 


9 36 18*4 

1 2*948 

1 

98 08 2*7 

i 16*29 

1 

vF; pf>;lE0'+: vglbM 

3 1 

11909 

629 

I. 78 


9 36 41-2 

i 5*576 

1 

i 17 4 29*8 

1 16*36 

1 

vB; cL; R; psmbM; * Inv ti. 

^ i 

ligiO 

! 3184 



9 36 52*2 

; 2*330 

1 

' 133 33 40*3 

i 16*31 

1 

Cl; P; E;stl0...11 

1 

|l911 

3185 

III. 289 


9 37 7*5 

1 2*791 1 

1 

1 109 49 54*9 

1 16*33 

1 

F; pS; R; bM; r; stellar ... 

4- 

1912 ^ 

633 

III. 34 

1 

9 37 23-0 

j 3-231 

n> 

78 20 10-5 

16*.35 

2:: 

eF;vS;R;bMf?P.D.15').. 

3 i 

IQia. 

11. 311 


Q .38 1(1-3 

, 2-780 

3 

'no 37 58-7 

16-39 

3 

pB; pS; iR: nibM 

3 

1914 


11.624 


9 38 39-5 1 3*156 

1 

; 83 41 19-3 

16*41 

1 

F;p8;lE90''+ 

1 

iqi.i 

3186 



Q 3H ! 9-89?; 

1 

107 44 26*6 

1G*42 

1 

F; R:gbM; Jf 

1 

1916 

634,0 


R. nova 

9 38 



67 20 



Makes a D neb with li, 634 

i 0 











which follows it. 


1917 

634 



9 38 55-9 

.3-.391 

1 

67 20 5*9 

16*43 

I 

F ; vS ; bM ; sp of 2 

1 1 

1918 

635 

III. 277 


9 38 58*1 

2*884 

1 

103 41 8*9 

16*43 

1 

cF; S; R; bM; stellar; p of 2 


1919 

637 

III. 278 


9 39 4*6 

2*884 

1 

103 43 23*9 

16*43 

1 

cF; S ; R; bM ; stellar ;f of 2 

2 

19^0 

636 



9 39 18-1 

.3 - .391 

1 

67 16 32*5 

16*45 

1 

F; S; R; bM;nfof2.. 

1 


3189 



9 39 21-6 

2*008 

1 

144 8 1*9 

16-43 

1 

Cl; P; 1C; stmtn 

1 

1922 

3187 



9 .39 28-0 

-'>-778 

1 

110 56 47*5 

16*45 

1 

vF; S; *20 f 1' 

1 

im 

3188 

V. 50 


9 39 32-5 

2*619 

2 

120 32 50*5 

16*45 

2 

I; vF; vL; vg, vsbMN 4”; 

3 











19**5 d. 


1924 

638 

II. 717 


9 40 2-0 

3-823 

1 

45 15 27*0 

16-50 

1 

pF; pL; iR; bM; r 

2 

192=1 

638 , 0 


DOV^ 

9 40 4-8 

3-8?,3 


45 16 27*0 

16*48 


RMS 

0 




IL. novu 



... 

45 16 57*0 

16*48 



0 

1927 

3191 


A. 397 

9 40 5-0 

2*167 

T? 

139 47 14*1 

16*47 

1? 

Cl; S;lRi; iF;8tl2...15 ... 

1 

lQ2h 

638, 


R. nova 

9 40 7'6 



45 12 27*0 

16*48 


MS 

0 

192 c 

3190 



9 40 10-4 

2*634 

1 

119 48 2*4 

16*48 

1 

F; S; R; *12att320° 

1 

igsf 

638 (j 


R. nova 



45 21 27*0 

16*49 


MS 

0 

1931 

639 

V. 26 

9 40 15 0 

3*584 

1 

55 56 14*0 

16*50 

7 

!; cB; L; vimE90°.-« 

3t 

1935 

638, f 


R. nova 

9 40 .30-2 



45 13 27*0 

16*52 


MS 

0 

1931 

640 


9 41 1*2 

+ 3*825 

1 

45 1 60-5 

+ 16*55 

T 

pF;R;bM;r;pof2 

1 



or NEBULA AKD CLTISTEBS OF STABS. 81 


No, 


Eefeiren<»3 to 

Eight 

Annual 
Prec^ion 1 

No. 

North Polar ' 

Annual j 
Precision ' 


Summary Description from a l 

Total 
Vo. of 

Ol 1 

Cata- Sir J. H.’s [ 
logue. Catalogues! 
of Nebulffi, 1 

Sir W, H.’s 
Classes 
and Kos. 

Other 

Authorities. 

for 

1860, Jan. 0. 

Eight 1 
Ascension | 
for 1880. 1 

Obs. 

used. 

for ! 

1860. Jan. 0. j 

i 

N.P.D. 

for 

1880. 

oL 

used. 

Comparison of ail the 
Observations. Eemarks, &c. r 

h 

fOlB. 

byh. 

ndH. 

1 

h. i 

H. 


h m s ' 

3 1 


0 < // ' 



MS 1 


'I934i 

638,/! 


R. nova 

9 41 4-0 ; 

+ 3*82.3 i 

i 

45 15 27*0 

+ 16‘55 

... 

0 

1935! 

641 



9 41 7-2 1 

3*825 i 

i ! 

45 0 16*5 

16*55 

1 

F; psbM; rr: f of 2 i 

1 

|l936i-| 

1937;] 

641,0 


R. novae 

9 41 + i 


... ' 

45 0 + 



16*,56 


Several near 

1 

0 

1938! 

1939! 



D’Arrest, 67 

9 41 32 1 

3*49 

[1] 

54 38 7 

}_1J vh; pL; K; cometarv.. | 

0 

642 



9 41 32-1 ; 

3*251 


76 32 0*8 

16*56 

1 

F;pL;R;gibM i 

1 

!l940j 

642,0 


R. nova 

9 41 * 


... 

76 32 



3 “novae,” with 642 (Vide; 
h. 646, 648). 1 

0 

1941' 

644 

...... 


9 42 3-2 

3*011 


94 .33 38*4 

16*58 

1 

‘eF ; L; p of 2 

1 

1942’ 

646 

III. 51 


9 42 31*0 

3*250 

3 

76 31 58*3 

16*61 

3 

ieF;pS;lE0°+;r 

4 

1943, 

647 




9 42 38-9 

3*012 


94 31 9-3 

16*61 

1 

iF; R;vglbM;f‘of2 

1 

1944; 

645 

1,115 


9 42 39-6 

3*579 

2 

55 47 35*6 

16*62 

2 

•pB; pS; vlE; mbM; *10 sf 
j 100°. 

4 

194.'!' 

64f^ 

III .'12 


9 42 54*1 

9 42 58-1 

9 4.3 9*9 

3*249 

1 

76 36 18*9 

16*63 

1 

jeF ; pL ; E ; r 

2 

*194f» 

.31 Q2 



2*782 

1 

111 5 19*6 

16*62 

1 

ieF; vS; R; *9s 

1 


643 

V. 2.3 


.5*466 

1 

17 8 23*4 

16*68 

1 

’vF;vL;lE;r 

3 

13948 

3193 



9 43 17*7 

2*821 

1 

108 31 38*2 

16*64 

I 

R; S;R:lbM 

1 

11949' 

1 I 

649 

r 



IV. 79 

M.81 

9 43 48-9 

5*066 

1 

20 16 10-0 

16*70 

1 

!; eB; eL; El56°*0; 
g, svmbMBrN. 

4 

,1950 

1 i 

'1951 


4H. ON 

V M.82 

9 43 52-3 

9 44 0*3 

.5*142 

3*497 

1 

19 34 16*3 

60 7 7*4 

16*71 

16*68 

1 

0 

vB; vL; vmE “a beautiful 
rav.” 

F; S;sbM#12;bet 2Bst... 

2* 

2 

!i952 

3194 


B.2686 

9 44 1*8 

1*975 

2 

145 45 42*8 

16-66 

2 

jCi; pL; pRi; iF; stll...l2... 

2 

J1953 


tv 11. nova'^ 

M.81?? 

9 44 38*0 

5*064 

1 

20 12 18*9 

16*73 

1 

;vB ; cL ; mE ; 5 or 6 st (?) inv 

1* 

:3954 

3197 



9 45 5-8 

1*674 

1 

152 2 12*3 

16*71 

1 

;CI;cL;lC 

i ^ 

■1955 

3195 



9 45 6*2 

2*705 

1 

116 22 6*6 

16*72 

1 

F;pS;R;lbM 


'IB’S 

j 1 

3196 

11. 98 


9 45 25*6 

3*300 

; 1 

i i 

72 39 56*5 

16*75 

1 

'©; F; L; R; vglbM; rr 

1 2Bstsp. 

! 4 

'1957: 

|1958 

1959, 

I196O 

!l96l, 

1962 

651 

652 

3198 

3199 
3201 

11. 835 
: III. 254 

I 

! 

9 46 19*3 
9 46 26*5 
9 46 38*8 
9 47 1*9 
9 47 41*3 
9 47 50*8 

! 4*327 

: 3*097 

' 2*834 

2*704 

2*707 

! 2 

1 

I 1 
; 1 
i 1 

; 30 2 40*3 
, 87 55 58*0 
107 59 3*0 
116 40 25*6 
116 37 56*5 

16*81 

16*80 

16*80 

16*82 

16*85 

! 2 

: 1 
; 1 
, 1 
' 1 

icF; pS; IE; vgbM; *10 n 7' 

,vF; vL; vmE iir'*5 

vF;pS;R;lbM 

ipF; R 

pF; S; R:gbM 

1 4 
, 3 

1 1* 
i 1* 

1 1* 

3202 

‘ III. 272 


■ 2*8.36 

: 1 

' 107 58 44*8 

16*86 

! 1 

F:pL; R;glbM 

1 2* 

1963, 

3200 

; III. 600 


9 47 53*6 

3*293 

1 1 

j 72 54 4*1 

: 16*87 

1 

vF:S;vlE;gbM 

1 2 

'1964; 

jl965| 

iiges' 

656 

3203 

; YJ. 4 

i 

1 

i 

III. 978 


9 47 59*1 
9 48 15*8 

i 9 48 24-1 

3*133 

2*692 

i 7*497 

' 2 
! 2 

; 1 

; 85 4 19*1 
i 117 38 37*4 

9 3 41*8 

16*87 

16*88 

; 16*96 

1 ^ 

! 1 

;F : pL ; vlE; vgb M : rr: * 7f 90® 
pB; 8; R; vgnibM; *11 at 

I 203'-8 

eF;pL; vlbM; 2Ssts 

; 4 

2 

1 1 

1967! 

3205 



9 48 31*2 

1 0*647 

: 1 

! 163 16 15*5 

I 16*85 

■ 1 

,F; L; iR ; glbM: S * inv ... 

! 1 

!i968 

3204 

! IIL 601 


9 48 39*8 

; 3*297 

i 1 

72 30 4*3 

1 16-91 

! 1 

ivF;cS; vlE;er 

' 2 

;1969 

654 

11. 333 


9 48 42*7 

! 5*376 

i 1 

■ 17 9 25*2 

; 16*94 

i 1 

'pF; vS; R; bM; *11 nr. 

1 3 

'1970 

653 

11.903 


9 48 44*4 

1 6*102 

1 1 

' 13 10 9-5 

1 16*95 

1 1 

ivF;pL;r 

J 2 

;i97i 

’1972 

655 

II. 334 
TT QAO 


9 48 57'4 

0 4.Q 

j 5*366 

; 1 
! J 

j 17 12 16*5 

1 \>r ig 24*7 

' 16*95 

; 16*99 

1 

I 1 

vFjvS; VglbM 

■F- pL- R- 3rd of 3 

J 3 

I 1 

1973 

657 

n* jvy 

II. 492 

xi* 0 

y DU 0 

9 50 7-9 

; 3*533 

1 3 

! 56 57 50*4 

' 16*98 

1 3 

;pB ; pL ; E 90 + ; gbM ; *9 nf 

1 4 

1974 


HI. 293 

i 

9 50 32*8 

1 3*474 

1 1 

i 60 21 51*7 

: 16*99 

; 1 

leeF ; eS; stellar (?) 

; 1* 

1975 

659 

n. 59 


‘ 9 50 39*1 

1 3*209 

: 1 

I 78 58 42*7 

; 16*99 

i 1 

ipB; pS; R; gmbMN; 3 st nr 

1 ^ 

1976 

3206 

m.273 


; 9 50 47*0 

1 2*831 

i 2 

i 108 40 49*7 

' 16*99 

i 2 

vF;pS;lE;g!bM 

! 3 

1977 


HI. 853 


i 9 51 10*7 

1 4*126 

! 1 

' 33 42 23*9 

1 17*03 

1 

vF; S; VglbM 

' 1 

1978 

1979 

660 

3207 

III. 542 


; 9 51 18*7 
! 9 51 19*5 

1 3*585 

i 3*261 

; 1 

1 

i 53 55 47*9 
i 74 53 56*9 

! 17*03 

! 17*03 

' 1 
: 1 

|vF;pL:iR; vgvlbM 

!vvF; *14att; *11 f 

j 4 

1 1 

1980 

3208 



i 9 51 32*2 

i 2*848 

i 1 

; 107 30 25*9 

I 17-03 

1 

^eF;S:R 

j 1 

1981 

3209 

IL268 


; 9 52 4-6 

j 2*731 

i 1 

!n6 15 22*5 

17*05 

I 1 

IpB; S; K: mhM 

1 2 

1982 

658 

1.286 


1 9 52 7-4 

4*925 

:(2) 

i 1 

) 1 

; 20 35 17*7 

17*09 

1 

!cB; cL; mbM; R nith ray... 

! 3 

1983 

1984 


V. 47 
III. 934 


9 52 24*3 
9 52 34*6 

i 4*n9 

1 3*241 

! 33 38 27*7 
76 10 50*7 

17*09 

17*09 

: 1 
i 1 

ivB; L; niE 135°+ 

vF 

; 1 
! 1 

1985 

1986 
1987 

3210 

3211 

III. 696 


9 52 37*0 
9 52 40*5 
9 52 45*4 

2*786 

1 2*671 

j +2*722 

! 2 

: 1 

jll2 7 58*4 
119 41 50*4 

116 28 7*7 

17*08 
17*08 
+ 17-09 

; 2 
' 1 
i 1 

vF: cS; IbM; ASstnp 

ivF; S; R; | att 

ivF; S;R;*]3attsf 

i 2 

! 1 
i 1 

i 


MDCCCLXIV. 


M 



82 


8IE J. F, W. HEBSCHEL’S CATALOGUE 


No. 


References to . 

Annu^ 

Precession 

So. 

North Polar 

Annual 

Precession 

No. 

Summary Description from a 

Total 
N©. of 

of 

Cata- 

logue. 

Sir J. H.'g 
Catalogues 
of Nebula; 

;Sir W. H.'g 
Classes 
and Nob. 

Other n 

Authorities. 

Eight 
Ascemon 
for 1880. 

Obs. 

used. 

for 

186(J^ Jan. 0. 

N.RR. 

for 

1880. 

” Comparison of alt the 

Observations, Remarb, Ac. 

of Ob, 
bjrh. 
and H. 


h. 

H. 

h m a 

8 





vF;S;R 


1988 

3212 


9 52 50-7 

+ 2-832 

I 

108 50 56*7 

+ i7*09 

1 

I t 

1989 

3213 


9 53 4-5 

2-607 

1 

123 33 46-0 

17 -ie 

1 

pB; S; R; pmbM; bet2st,.. 

1 1 

1990 

661 

III. 24 

1 9 53 17*7 

3-367 

1 

66 55 52*6 

17*12 

1 

vF'; S 

2 i 

1991 

3214 


! 9 53 19-7 

2-705 

1 

117 38 50*3 

17*11 

1 

pF; pS; R; vSstinv 

1 1 

1992 

1993 

3215 

11 . 293 

1 9 53 38*9 

2-831 

1 

108 57 52*9 

17*13 

1 

pB; pS; iR; bM; p of 2 ...... 

2 

3216 

...... 

! 9 53 53-3 

2-655 

1 

120 52 53*2 

17*14 

1 

F;L;E;vgvibM 

1 i 

1994 

3217 


! 9 54 2-5 

2-832 

1 

108 57 58*5 

17*1.5 

1 

e¥; R;lbM;fof2 

1 

1995 

663 


1 9 54 22*3 

3-398 

2 

64 37 15*1 

17*17 

2 

pB; S; njE90''+ ; psbMN... 

2 

1996 

664 

III. 478 


3*525 

1 

56 37 10*4 

17*18 

1 

eF; S 

3 

1997. 

I 2 I 8 



: 9 54 27-6 

2*655 

1 

120 59 37*8 

17*16 

1 

jpB; pS; R; gprabM 

1 , 

1998: 

662 

III. 916 

' 9 54 36*7 

4-298 

1 

29 13 26*7 

17*19 

1 

lvF;v+;R;bM;*ll, 142°*2 

2 ; 

1999 ; 

2000 ; 

665 

IV. 48 

; 9 55 19*4 

3-675 

1: 

48 35 27*3 

17*21 

1: 

jeF; pL; £ 45^ + ; vF' * inv... 

2 ; 

3219 




2-120 

2 

144 6 16*3 

17*21 

2 

;Ch C; IE; stl3...l6 

2 ) 

2001 ! 

666 

11. 320 


3-504 

1 

58 8 19*2 

17*24 

1 

IF; 8; R; sbM,. 

2 : 





2*66ft 

2 

121 0 3,3*2 

17*24 

0 

!F;S;R;gibM 

2 : 

2003! 

3221 


I 9 56 40-1 

2-746 

2 

115 29 2,5*8 

17*26 

2 

icF; vL; vmE 82®-3; IbM ... 

21 ' 

2004 ' 


11. 898 

1 9 06 54-3 

3*242 

1 ‘ 

75 49 0*4 

17-28 

1 

F; L red * n 3' 

1 : 

2005 ! 

667 


i 9 57 14'8 

3*818 

3 

42 3 28-0 

17*30 

3 

:pB;S;R;SmbM*12 

3 . 

2006; 

3222 


; 9 58 3-2 

2*716 

1 

117 46 13*6 

17-32 

1 

leF; L; A 2st 8aj 

1 1 

2007 ; 

3224 
f 6681 


A. 297 : 9 58 11-2 

1*934 

3 

149 26 46*6 

17*32 

3 

jCi; eL;lC; B;st9...14 

3 ' 

2008 

i 

~ r 

1 3223 J 

1.163 


2-988 

2 

97 2 32*9 

17*33 

2 

jvB; L; vmE45“; 
i vg. vsmbMEN. 

3 j 

2009 ' 

"■3225 




2-627 

1 

123 32 36*4 

17*38 

1 

lF;pS; B;gbM 

1 : 

2010j 




Auw. N. 26 ! 9 59 18*4 

3*247 


74 55 35*7 

17*39 


:i‘; (Lasseli, Mar. 31,1848).,. 

0 

2011' 

liiofiy 

3226 J 

11.305 

i 9 59 26-0 

' 9 59 5M 

3*003 

1 

95 51 17-9 
89 15 7*3 

17*43 

1 

|l';8;lE;er 

j8ee No. 5067. 

2 ; 

... j 

12012' 

2013 



|lfl ft 2-2 

2-848 i 

i 

108 33 36*3 

17*41 

1 

;F;pL; l{;lbM; Js 

1 : 

3227 ’ 


.. . . lift ft 14'8 

2 * 700 : 

0 ' 

119 15 12*6 

17*42 1 

0 

JcF ; 8 : R ; vgb:M 

2 ; 

12014; 

669 i 

III. 65 

10 0 40*4 

3*299 1 

(1)! 

70 53 43*5 

17*45 ' 

1: 

■leF; c8; vlE; r 

2* ' 

bois: 

670 

i 

10 0 45*2 

3*195 ' 

1 i 

79 20 43*5 

17*45 1 

1 

ieF" ; 8 ; psbM ; 31 Leon af 1 00 ' 

1 : 

' 2016 ' 

671 ! 


;io 0 54-9; 

3-296 
2*523 ' 

1 i 

71 4 49*8 i 

17*46 1 

1 

;pB; p8; pinE; gbM 

1 i 

12017 

3228 ! 


.10 1 8*2. 

4 1 

' 129 45 5*5 1 

: 17*45 ! 

4 

!::;0;vB;vL:lE; #9M;4'-0(1. 

4t 1 

12018' 

3229 i 



1*540 ' 

1 ?! 

156 41 44*1 i 

i 17*47 

1? 

,B:R;bM 

1 i 

2019 , 

672 i 


..' |l0 2 9*8! 

3*759 1 

■ 1 1 

43 21 12*6 i 

: 17*52 

, 1 

lF;.S;R;gbM 

1* ; 

I 202 O 

3231 ■ 



1*545 

2 ' 

156 41 30*4 

17*48 1 

1 

IpB; pS; R ; gbM; ♦ 13 n ... 

2 

|2021 

3230 1 


40 2 30-4: 

2 - 719 ; 

1 . 

118 22 22*3 1 

1 17*51 

1 1 

ivF;S;iE 

1 

12022 

3232 ; 


ilO 3 9‘9i 

2*982 ' 

1 ' 

97 47 52*5 1 

; 17*55 1 

1 1 

E;R ! 

1 

2023, 

673 ; 

III. 518 : 

110 3 17*7' 

jlO 4 47-5 ! 

2*936 ; 

1 i 

101 44 1.5*8 i 

1 17*56 i 

' 1 

F;pL;R; vg, slbM;fof2... 

4 

12024 

2025' 

674 1 

I. 79 1 

5*285 : 

1 j 

15 54 35*5 

17*65 ! 

i 1 

vB; L; R; vg, vsvnibM ; 

2 

675 1 

1 


3-861 i 

1 ! 

38 49 21*9 

17-63 

; 1 

* 7 m in photosphere 2' or 3' d 

1 

2026 

677 j 


... jlft .5 8-4 ' 

+ 3-222 j 

1 1 ; 

76 38 47*9 

17-63 

1 

eF'; pL; vlE; r; 6t inv 

3 

2027 

3234 I 

III. 53 1 

ilO 5 10 - 7 ' 

-0*511 . 

I 1 

i 169 43 54*4 

17*58 

1 

F; 8; IE; vlbM; * 15 inv .„! 

1 

2028 

680 j 

111.255 j 


+ 3*113 i 

i 1 ! 

1 86 10 27-2 

17*64 

1 

|F; cS; R; psbM; A B stf ... 

.1 

2029 , 

3233 ■ 


IlO 5 27*7 j 

2*700 1 

i 1 ! 

1120 16 4*2 

17*64 i 

J 

:vF; p8; E; * 8*9sp 

1 

2030 

678 1 

II. 639 1 

jlO 5 31-3 1 

3*592 

1 = 

50 33 28-5 

17*65 ; 

1: 

jcB;cS; R;psbM;r | 

2 

2032:/ 


R. 2novEe jlO 5 + | 


... 

1 50 33 + 



3 seen ; one(? which) =h. 678 

0 

2033 

2034 

676 

i 

|lft .5 42*7 1 

5*424 ! 

1 1 ? 1 

j 14 53 50-7 ' 

17*69 

1: 

:'vF ; 8; R ...i 

1 

682 

li. 43 1 

'10 5 43-5 1 

3*345 

1 2 ' 

! 66 34 30-8 

17*66 

3 

pF; cL; R; vglbM; r; S*inv 

5 

2035 

2036 

681 

II. 640 , 

1 jlO 5 48-2 1 

; 3*589 

i 1: 

j 50 40 11-1 

17*67 

1; 

F;S;R;gbxM 

2 

679 


1 ilO 5 49’2l 

: 4*054 

1 1 

i 32 38 47*1 

17*67 

1 

eF;S;R;vgIbM ....; 

1 

2037 

684j a 


j R. nova ilO 6 15'4 j 

3*116 


85 56 15*7 

17*69 


vvF; niE0°+ 

9 

2038 

2039 

684 

I. 3 

1 IlO 6 29*6 

3-116 

3 

85 52 53*7 

17*69 

4 

B; pS; R; psmbM; p of 2... 

8 



D’Arrest, 68 10 6 36 

3-34 

m 

59 42 7 

17*69 

[1] F;S;??ClofvS8t 

0 

2040 

683 


10 6 45*3 

i 4-194 

29 4 36*3 

17*71 

1 

F; psbM; stellar; #7*8 np5 

1 

2041 

685 

I. 4 

10 6 58-5 

3*116 

3 

85 50 20-3 

17*71 

4 

B; pL; vlE; pgmbM; * 11, 
78=*2, 80". 

8 

2042 

686 

1 

1ft 7 32*ft 

3.745 

J 

42 42 39*2 

17*74 

1 

F; S; R 

1 

2043 

250 

1 

! 

10 8 7*9 

! 

+87*502 

1:: 

0 6 46-2 

+ 19*47 

1: 

:vF;R;gbM;*ll, 2's; Pth 
j iarissima Borealis. 

1* 



OF NEBULA AXD CLUSTEES OF ST.ARS. 


83 


Ko. 

Eeferences to 

Annual 

Precession 

Ifo. 

North Polar 

Animal 

Precession 

kJ 

of ' 

Summary Description from a 

Total 
No, of 

pf 

Cate- Sir J. H.‘b 
lopie. Catalogues 
of Febuki. 

Sir W. H.’s 
Classes 
and Nos. 

Other 

Aulhordies. IBW, Jan. 0. 

Il^ht 1 0'^ 
Ascension i used, 
for 1880. { 

for 

1800, Jan. 0. 

in 

N.P.D. 

for 

1880. 

Obs. ' 
used 

Comparison of all the 
Observauons, Remarks, 

)fObs. 
by h. 
nd H. 

h. 

2044 3235 

2045 

H. 

h m s 

10 8 9-4 

■+2*764 

1 

116 59 43-5 

+ 17*75 


. i 

eF; S; R; 2 B st f j 

1 

111.964 

10 8 16-1 

5*415 

1 

14 38 38-0 

17*80 

1 

c+; S; stellar; S * f nr ! 

1 

2n4fi 3236 


10 8 18*9 

2-738 

2 

118 11 3-8 

17*76 

2 

cB; L; inE50=-5; vglbM ...! 

2 

2047 687 

in. 25 

10 8 51*5 

.3-318 

3 

68 10 42-7 

17*79 

3 

cF; S; R;psBM.... | 

4 

2048 3237 


jlO 9 23-5 

2-905 

1 

105 5 56-0 

17*80 

1 

pB; pL;gpmbM 

1 

2049 688, a 


R. nova -10 9 44*5 

3-623 


47 53 1.3-9 

17*83 


MS; no description 

0 

2050 688, b 


R.nova 10 9 47*2 

3-62,3 


47 54 1-9 

17*83 


MS; DO description 

0 

20olj 

1. 265 

10 9 47-5 

4-082 

1 

3! 5 44-2 

17*84 

1 

cB;cL;iR; vgbM 

1 

2052' 688 

I. 168 

10 9 49-9 

3-623 

1 

47 53 1*9 

17*83 

1 

pB; vL; R; vgbM 

4 

2053' 689 


10 9 53*3 

3-627 

1 

47 41 6-2 

17*84 

1 

pF; vL; R; vgbM; 12''*5d; 

1 

2054! 692, « 


D' Arrest, 69 10 9 57 

3-32 

r2' 

67 35 48 

17*83 

[2] 

* 1 1 n 2'. 

pF; pL; gmbM (iinLordR.’s 

0 

2055* 692, h 


R. nova ilO 10 4*7 

3-324 


67 25 19-5 

17'85 


diagram). 

Marked y in Lord R.’s diagr 

0 


in 910 

in in 17-0 

4-047 

1 

31 53 7-8 

17*86 

i 

jvF; pL; r 

2 

2057; 692, c 

2058 692 

n. 44 

R. nova ;10 10 

i 

:i0 10 2.3*3 

3-324 

0 

67 28 

67 28 10*5 

17*85 

... 

3 

mE, parallel to h. 692, witl 
which it forms D neb. 

B; pS; E; psbMN; sp of 2 

0 

4t 

2059 691 


'10 10 25*8 

3-726 

1 

42 51 47-8 

17-86 

1 

F; S; R; bM 

1 

2060 

III. 704 

10 10 27*6 

3-728 

1 

42 43 44-8 

17-86 

1 

eF; vS; 

j 1 

2061 693 

II. 45 

:i0 10 41*6 

3-321 

3 

67 24 24-8 

17-86 

3 

B; S; vIE; plbM; r; #9 

4 

1 

2062 

in. 695 

! 

10 10 46*8 

-j- 5-391 

1 

14 29 43-0 

17*90 

1 

352 -0, 75"nfof 2. 
vF; vS 

1 1 

2063 3241 


10 10 51*5 

— 0-506 

2 

170 10 11-6 

17*82 


0; pB; S; IE; 13^*0 d 

: 2t 

2064 694 

III. 348 

1 

'10 10 .53*6 

-+3-398 

1: 

61 38 27-1 

17*87 

1: 

3S St nr. 

eeF; pS; IE 

1 2 

2065- 

2066 695 1 

in. 966 
1.199 

10 10 57*9 

10 11 14-4 

6-114 

3-702 

1 

1 

11 4 53-6 

43 44 15-7 

17*92 

17*89 

1 

1 

vF; vS 

pB; vL; mE 45°+ ; vgbM.. 

{ 1 
i 3 

2067 3239 j 


10 11 46*1 

2-128 

4 

147 15 39-7 ! 

! 17*89 

4 

vB; vL; falcate; | N 

■1 4t 

2068: 3238 J 


A. 445 10 11 52*8 

2-452 

2 

135 42 6-0 

1 17*90 

1 2 

vL; iR; ICM; gbM 

' 2 

; 1 

2069 696 . 

i 

n. 720 

' 

10 n 5*3 i 

3-643 

1-.: 

46 18 42-6 

1 

! 17*92 

■ 1: 

1 St 13. ..16. 

icF; S; K; vgbM; Ut of 3... 

! 2 

2070 3240 


10 12 5*5 

2*777 

2 

|116 0 17-3 

' 17*91 

’ 2 

■pB; S;cE;gbM 

i 2 

2071 698 1 


10 12 13*9 ’ 

3-396 

1 

; 61 28 54-6 

! 17-92 

1 

:eF; pL; gbM 

; 1 

12072 699 : 

n.721 

ilO 12 21*7 

3-641 1 

i 1 

1 46 20 50-2 

1 17*94 

; 1 

!cF; S; R; vgbM; 2nd of 3... 

2 

2073; 697 

1. 266 

10 12 30*9 i 

4-011 

1 

1 32 22 5-2 

1 17*94 

1 

■pB;cL: E; vglbM 

j 2 

2074; 700 

11.722 

ilO 12 .33*3 

3-641 : 

1 1 

; 46 18 50-2 

17*94 

1 

icF; S; R; stellar; 3rd of 3... 

' 2 

2075 701 


hn 12 47.0 

3-.365 i 

i 1 

1 63 47 46*5 

i 17-95 

! 1 

iF; S; R; has a * 

! 1 

2076! 3242 


;10 13 17*6! 

: 1-946 

1 * 

1 j) 

! 151 58 35-5 

1 17*95 

i 2 

'0; —* 10 m; R; am 150 st 

i 2 

2077' ! 

in. 979 

H. ON 10 13 34-0, 

6*559 

1 1 

1 9 27 5-6 

i 18*02 

1 

Stellar; 1st of 3 

1 1 

2078, i 

in, 980 

IRON |!0 13 34*2! 

i 6*565 

! 1 

9 26 5-6 

i 18-02 

: 1 

jvF; S; 2nd of 3 

; 1 

2079I 

111.981 

H. ON !l0 13 34-3 

6*571 

: 1 

;• 9 25 5-9 

i 18-03 

; 1 

;vF; S; 3rd of 3 

' 1 

2OBO! 702 

111. 330 

hn 1.3 .'i.'i-n 

3-342 

: 1 

65 21 .53*7 

1 17*99 

. 1 

IvF; pS; R; bM 

i 2 

2081 ! 

1. 283 ! 

jlO 14 23*0 

i 5*297 

i 1 

14 37 52-9 

, 18*03 

1 

|cB; cL; eR 

i 1 

2082! 

in. 911 ’ 

'10 14 26-4! 

3-998 

! 1 

32 15 5.5-6 

18*02 

i 1 

ivF; cL; iF 

1 1 

2083* 


D’ Arrest, 70 !l0 14 39 : 

1 .3-31 

K 

67 42 12 

18-01 

:[2] 

eF;mE;arav 

! 0 

2084! 


Auw. N. 27 10 14 55*0 

; 3-288 

69 24 42-6 

18-02 

iF; IbMr (Winnecke, June 

! 0 

2O85! 3243 

i 

10 15 20-5 

' 2-683 

! 1 

123 32 59*9 

18-03 

i 

1 1 

i 1855). 

lpB;vL; viE;psIbMN ...... 

! 

; 1 

2086 3244 


10 15 27-7 

' 2*677 

1 I 

i 1 23 59 28*2 

18-04 

; 1 

ivF; pS; R; vgmbM 

1 1 

2087 703 

II. 882 1 

10 15 43*0 

; 4-028 

1 

1 31 9 19*1 

1 18*07 

i 1 

icF;pL;lE; VgbM 

' 3 

2088 

II. 28 I 

10 15 55*1 

! 3-289 

1 

i 69 23 27*8 

18-06 

1 1 

;vF; <=E;R1 ^ 1 45= 0'/ 

. i* 

2089 

11. 29 

10 15 58*5 

1 3-289 

1 

! 69 22 28*1 

18-07 

1 

|vF;cL;R/^" ’ ’ li 

; 1* 

2090 3245 


A. 386 10 16 10*6 

1 2-352 

1:; 

: 141 I 1*8 

18-06 

1 1;; 

jCl; 9 L & a few S St | 

1 

5068 

2091 705 


10 16 14*1 i 

10 16 15*7 

! 3-207 

3 

1 89 13 46*0 
i 76 44 21*4 

18*08 

! ... 
i 3 

‘See No. .5068. | 

N * or %* in neb ! 

3 

2092 704 

2093 


10 16 25*6 

D’ Arrest, 71 10 I6 33 

I 4-456 

1 3-39 

1 

[IJ 

i 22 29 6-0 
; 61 16 42 

18-10 

18*09 

1 1 

.[1] 

:Cl;cL; F;IC;st 10,..12 ... 
'eeF; P- E, 150" pof 2... 

1 

0 

2094 706 

2095| 


•,*; 10 17 5-1 

j D Arrest, 72 10 17 7 

i 3-374 

1 3-38 

' 1 

1 62 16 5*0 

61 16 12 ; 

18*10 

18*11 

i 1 
:[2] 

,pB:’pS; R; psbM 

F; S: fof2 

1* 

0 

2096 707 


10 17 16*6 

+.4-142 

28 1 16*9 

+ 18-13 

1 1 

'eF; vS; psbM; 2 st 11, 12, f 

i i 


M 2 




SIE J. F. W. HEESCHEL’S CATALOaUE 


of I 

Cate-jSir J. R’sISirW. H.’s 
logue.i Catalogues , Classes 
jofSebul®.; andKos, 

i h. j H. 

2097^ 709 in. 631 

2098: 708 I III. 883 


Eight 
Aseengion 
™ for 


; L3246J I 

2100| 3247 

2101| 3249 
2102; 3248 .IV. 


2103: 4019 i 

2104’ 711 : I. 86 j 

2105 712 : 

2106: 3250 ' ! 

2107' 713 ! 11.347 j 

2108', 3251 I 

21 09i 3252 ; i 


jlO 17 53*2, 

10 17 56*8 

La!. 20204 10 18 2*2 


10 19 20-9 

10 19 24*9 
10 19 26*0. 
10 19 37*9' 
10 20 2-0 
10 20 6 * 9 , 
10 20 25*6 


2113 3253 

2114 3254 ' 

2115; 3255 
2116' 3256 ; 
2117 715 

2118; 3257 
2119 3258 ' 
2120' 3260 
2121; 3259 
2122. 3261 
2123! 718 ] 

12124 716 ' 


i D’Arrest, 73 .10 20 29 ' 

I ;i0 20 5M ; 

: 10 21 27*2 i 

jlO 21 32*2 

: ilO 21 53-0 

. |10 22 29-8 

; ;]0 22 36*9 

! |l0 22 42*9 

i ;10 22 52*7' 

I ,10 23 3-0 

• llO 23 8*2 

i 110 23 1 1*4 i 

|10 23 13*81 

: 10 23 15*9' 

' ilO 23 18*3' 

i 110 23 29 * 5 ; 


;2138 

'2139 3270 


|2143: 3272 ' 
12144' 3276 , 
!2145’ 724 I 

I2146 725 |j 

,2147 726 I] 

i r m : 

12148 < = V] 

I , L3273J , 
21491 

:2150' 728 ' 

2151: 3274 1 


ilO 26 58*6 I 

1 10 27 1*3 1 

’ ilO 27 9*3 ‘ 

, D’Arrebt, 74 llO 27 H i 

; jio 27 12*7 1 

;10 27 47-4 i 

i jlO 28 7*7 ' 

: lio 28 12*8; 

; |l0 28 44*6j 

1 10 28 57'8j 


.2126 

3262 

i 1 

I'lO 

23 

33*9 

2*696 

: 2 i 27 , 

3263 



23 

37*9 

2-697 

2128 

3264 


lio 

23 

41*1 

2-699 

2129 ' 

719 

III. 331 ' 

IlO 

23 

44*1 

3*329 

'2130' 

3265 


jio 

23 

45*9 

2*697 

2131 

720 

II. 358 1 

10 

24 

27*7 

3*360 

2132 

3266 


lio 

24 

34*0 

1 2*681 

12133 

3267 


ilO 

24 

57*7 

: 2*635 

I2134 

721 

11.359 

!iu 

25 

4*1 

i 3*369 

I2135 

3268 

1 

'10 

25 

26*1 

, 2*637 

12136 

3269 


IlO 

25 

34*3 

i 2*711 

;2137 

3271 

’ ! 

110 

26 

51*1 

; 2*536 


ilO 29 13*4 ' 3*285 | 

jlO 29 18*1 1 3*283 I 

:10 29 20*3 ' +2*757 i 




j 

Annual 



Total 

Eorth Polar 
Distance 
for 

t*rece8sion 

in 

E.P.D. 

5fo. 

of 

Obs. 

Summary Description from a ' 
Comparison of all the 

No. of 
times 
fobs. 

186{». Jan. 0. 

for 

used 


by h. 



1 

1880. 



ind H. 

49 

39 

49*9 

+ 1^3 

1; 

vF; vS; R; pgbM 

3 

32 

4 

25*9 ; 

18*13 

1 

F; S; R; pslbM 

2 

72 

8 

18*9 1 

18*13 

3 

vF; *9 in'? nr M 

5 

111 

4 

56*9 ! 

18*13 

2 

!eF;S;R;*nr 

2 

121 

45 

28*9 ' 

18*13 

1 

F; pmE; glbM; » 11 np ... 

1 

107 

55 

50*2 i 

18*14 

4 

:;0; vB;lE, 135°;32"d+; 

7t 



! 



him. 


129 

6 

23*4 

18*18 

1 

vF;# 11 111 90% 

1 

60 

47 

1*7 

18*19 

5 

vB; pL; E; snibMEN ...... 

6 

85 

26 

24*7 

18*19 

2 

eF; S; R; 2i>t A; *6,300^8' 

3 

147 

10 

35*7 

18*19 

1 

,st inv in neb 

3 

66 

26 

28*6 

18*22 

3 

pB; S; H; psbM 

4 

124 

14 

38*3 

18*21 

1 

eF; pL; R; vgvlliM 

1 

129 

13 

45-9 , 

18*23 

4 

;pB: pL; R; vg, psbM; *13, 

5 






45'". 


63 

11 

42 

18*23 

[1^ 

vF;pL;3Bstsp 

0 } 

15 

27 

11*9 

18*27 

1 

eF; p8; mE; r 

1* 

59 

47 

27*1 

18*27 

3 

cB; L; E45'+ ; psiiibMN... 

5 I 

149 

57 

49-8 

18**26 

1 

C!; pS; vC; St 15 

I ! 

133 

11 

7-1 

18*27 

1 

cB;S;R;gmbM 

0 J 

124 

56 

49*0 

18*30 

2 

vF; vS; R; psbM; 1st of 4... 

3 ! 

124 

53 

9*0 

18*30 

4 

cF; S; R; psDiM; 2nd of 4... 

4 ; 

24 

14 

50*9 

18*33 

1 

F; S; R;gb.M 

2 j 

124 

52 

39*0 

18*32 

4 

vvF; vS; R; pslbM; 3rd of 4 

4 i 

133 

56 

12*6 

18*32 

1 

F ; S ; R ; am st 

1 1 

133 

29 

7*6 

18*32 

1 

.eF;S;R 

1 ! 

124 

53 

48*9 

18*33 

0 

\F; vS; R; pslbM; 4th of 4 

2 1 

133 

24 

32*9 

18*33 

' 1 

F; S; iiiE 280 + ; psbM ... 

1 ! 

60 

29 

34*9 

18-33 

1 

pF; S; R; psbM; # sf nr ... 

5 i 

33 

11 

37*5 

18*35 

. 1 

:eF: bet 2 S St 

1 

24 

32 

16*8 , 

18*36 

1 

cF; vS; R; p^mbM# 

2 

; 124 

38 

10*2 , 

18*34 

, 1; 

:eF; vS; R; 1st of 4 

1 

124 

39 

10*2 

18*34 

2; 

',F; S; R; 2nd of 4 

2 

124 

30 

10*5 1 

18*35 

, 2 

,F; S; R; bM; 3id of 4 

3 

64 

24 

28*5 

18*35 

' 1 

,cF;v8; E;gibM 

2 

124 

39 

3*5 

18*35 

1 

ipF; S; E: pmbM; 4th of 4... 

2 

. 61 

36 

59*4 

18*38 

; 4 

'F; pL; R; glbM; * f 

5 

126 

1 

22*1 

18*37 

i 2 

F;L; vlE; psibM 

3 

129 

13 

51*7 

18*39 

I 1 

IF;S; *8p.. 

1 

60 

46 

20*7 

18*39 

i ^ 

IcB; cS; R; pgmbM 

4 

129 

13 

52*0 

18*40 

1 3 

F; S; K; % nf. 

2 

124 

8 

4*3 

18*41 

' 1 

;oF; pL; E; glbM ^ 

1 

135 

22 

3*5 : 

: 18*45 

i 1 

!pF; S; II; gbM i 

1 

30 

44 

23*1 ' 

i 18*47 

1 

eF; vS : 

1 

116 

44 

11*8 

; 18*46 

' 4 

'pB; S; IE; gbM; 1st of 9 ...i 

4 

30 

40 

11*4 

! 18*45 

1 1 

ivF; pS; R; pslbM 

2 

67 

37 

18 

; 18*47 

:[2; 

j F; »L; * p 24*, 225" s 

0 

30 

43 

31*4 

' 18*48 

i 1 

eF; cS; R; vglbM 

2 

124 

34 

31*4 

! 18*48 

! 1 

eF;vS;R 

1 

: 147 

28 

14*7 

I 18*49 

1; 

::Cl;B;Ri;pL 

i I* 

51 

57 

17-3 

' 18*51 

1 

|cB;L;mE 135“+; glbM... 

; 4 

39 

9 

51*9 

1 18*53 

1 1 

vF; pS; iE 

2 

76 

34 

38*9 

18*53 

1 

eF; cL; R; vgbM; r 

2 

75 

6 

29*2 

! 18*54 

1 

3 

cF; cS; R; poibM; r; amBst 

5 

67 

15 

27-2 

i 18*54 

1 

pF; S; r; ApBstn 

1 

67 

23 

45*2 

18*54 

2 

cB; S; IE; psbM; r 

3 

321 

37 

4*2 

'+ 18*54 

1 

eF;S;R 

1 
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i Eeferenees to 

No. 1 . 

Annual i , '. Annual , | 

Eight Precession ' No. North Polar ; Precession , Jso. , g^mary Description from a 

Ascemion in of Distance j m ot ; Comparison of all the 

Total 
No. of 
times 
of Obs. 

of . 1 

Cata- Sir J. H.'siSirW. H.’s 
logue. 1 Catalogues 1 Clasps 
j 1 of Nebula.', j and Nos. 

Other 

Authorities. 

j for Right Obs. for ; N.P.D. .Obs. > observation,, Remarks, &c. 

1 1860 , Jan. 0. Ascension F,ed. 1860. Jan. 0.; for .used.'^ 

; for 1880. i . i i 

by h. 
andH. 


2152’ 

b. 

3275 

! H- 1 

! III. 66 1 

2153! 

730 


21541 

729 

; III. 615 1 

21551 

3277 

' 1 

2156: 

3278 


2157’ 

3279 

FV. 60 

|2158! 

731 

2159' 

3280 

■ 

!2160. 

3281 


|2l6i' 

3282 


i2l62 

3283 


'2163 

3284 

‘ 

,2164', 

3285 


2160 


III. 700 

'2166 

732 

; 11.745 

i2l67 

3286 

! 

12168' 

734 

11.348 

:2169' 

733 


12170' 


■ 1.272 

12171 

3287 


2172 

3288 


2173 

735 

11.641 

12174 

.32h9 


j2175 

737 

11. 77 

I2176 

736 

III. 317 

12177 


III. 5 


|l0 29 27'i i 3-245 
10293391 3-470 

10 29 38-5 I 2-818 
10 29 41-3! 2-813 

10 29 48-4; 2-816 

10 29 59-7 ' 3-770 


10 30 1-1 ; 
10 30 9*51 
10 30 28-7, 
10 30 39-9 ’; 
10 30 59-8. 
10 31 6-1 ! 

10 31 7-4 '; 

10 31 12-8 i 
10 32 2-9! 
10 32 17-5 
10 32 34-7' 
10 32 34-7 
10 33 1-6 
10 33 26-3' 
10 33 2ft-5 
10 33 43-6 , 
10 34 42-7 
10 35 17*6 
10 35 25-5 
10 35 49-5 
10 36 8*6 
10 36 10-9 
10 36 23-b 


2-815 •; 2 
2-815 ! 1: 
2*815 ; 2 
2*815 i 1 
2-817 ' 5 

2- 636 i 2 

3- 526 ^ 1 
3-626 : 2 


; 71 8 48-2 j 18-54 

i 51 49 25-5 I 18-55 

116 26 17-5 I 18-55 

.116 52 38-5 j 18-55 

lll6 42 50-o| 18-55 


116 48 6-8 i 
;116 49 17-1 ! 
116 53 42-1 I 
^116 56 48-4 : 

116 52 45-7 ! 
130 54 24-7 ; 

47 36 30-3 , 

■ 41 51 29-3 , 

1 147 53 48-6 I 
’ 65 11 2-2 i 

12 26 32-4 ■ 

: 79 59 19-0 i 

■ 143 24 4-5 : 
125 19 17-0 

51 58 16-4 . 

117 1 41-4 
; 75 31 44-6 

15 54 50*5 

: 79 -19 40-2 ■ 

' 64 20 20-5 ; 

77 16 41-8 , 
: 74 23 11-8 > 
. 125 37 46-8 : 


1 

2182' 

738 

I. 80 ' 


10 36 29-0 

4-648 ■ 

2183 

742 

i 


10 36 33-7 

3-358 ; 

21»4 

743 


M. 95 

,10 36 36-7 

3-175 


741 

III. 842 ' 


10 36 39*2' 

3-782 ■ 

2186 

3292 



10 36 41-4 

2-734 ; 

2187‘ 

744 

III. 107 


10 36 53-2 

3-133 

2188 

3293 



.10 37 11-7' 

2-735 

2189 

745 

V. 52 , 


10 37 21-0, 

4-018 , 

2190 

746 

111.318 ; 


10 37 57-1 ' 

4'p83 

2191 

747 ' 

, ; 


10 38 59-5 

3-091 

2192' 

3294 ; 



10 39 4-1 : 

2-644 : 

2193' 

748 ; 

II. 78 


ilO 39 10-5, 

.3-189 

2194 

749 


M. 96 

ilO 39 20-4' 

3-173 

2195 

750 

II. 81 


:10 39 34-8 

3-219 

2196 

751 



!io 39 37-3; 

3-188 

2197 

3295 1 

i 

A. 309 

10 39 36-8. 

2-313 ’ 

2198' 

7.53 1 

1 


TO 39 49*3; 

3-187 

2199! 

752 

111.701 


.10 39 49-4* 

3-506 : 

2200, 



D’ Arrest, 7 

5 TO 40 12 ' 

3-12 

2201' 

754 

11. 99 


TO 40 16-7' 

3-189 ; 

2202’ 

3296 

1 


jlO 40 22-4 

2-702 ' 

2203 

757 

j I. 17 

Mechain. 

, jlO 40 25-7, 

3-177 

2204: 

755 

! 11.360 


TO 40 27-4 ‘ 

3-323 

2205 

756 

! 11.565 


jlO 40 33-2 

3-390 

2206 

3297 



, jlO 40 39-5! 

2-874 

2207i 

758 

i I. 18 


, |l0 40 52-2! 

3-177 

2208 

759 

i 


, ilO 40 54-9 : 

3-116 

2209 

760 

i 


. |10 40 55-7 ' 

+ 3-116 


2 ;vF; vS; irlE; glbM; r ! 3 

2 'vF; cS; psbM; er ...I 4 

1 lvF;S;R;2ndof9 1 

1 leeF;3rdof9 1 

4 |F; S; R; 4th of 9 i 4 

1 jo? cB; pL; R; 1 3+ 

I vg, vsmbMN 15". 

2 'B;L; R; p of D neb; 5thof9 3 
1:;!B; L; R; f of D neb; 6th of9 1 

2 .cF; E; gbM; 7th of 9 ' 2 

1 ’8th of 9 , ^ 

3 ;F;S;R;bM;9fhof9 3 

2 cF; pL; pinE; IbM 2 

1 cF;L;iE; mb, sof M 1 

3 F; pS; mE0,..90^; *10nf.; 4 

1 ipB; vvL; iF; 5 inv 1 

2 'vF; S;R;gbM; vS*alt ...! 3 

3 mB: S; IE; psmbM ; 2 

1;: B; S; iR; inbMBN j " 

1 ’Cl; P; 9 ^ 

1 eF; vS; mE; * 15 att , 

1 rF; vS; R; bM 

1 .vF:pL;lE;glbM 

2 F; cL; E; vgbM; r; *7pl0*: 

1 ’pF;S;R;gbM 

1 

1 cB; L; gbM; *inv; 2stf .... 

, 1 cB; pL; E; nibM 

1 1 ;cF; vL; R; vgvlbM; er 

, 3 .pF; S; mE0°+; vsvmbM; 

1 l«,tof3. 

’ 1 B; S; ilE; psbM; 
i *11.281'-8.20®-0. 

' 1 ,eF; vS; 2?t9-10, s 

4 'B; L; R; pgmbMrN 

■ 1 F; cS; R; pgbM; *s90" ...' 
i 3 F- S; vlE; psbM; 2ndof3.... 

■ 2 vF;pS;R;bM;*9, 150"... 

; ... ieF; wS; vlE; YS*an; 3rdof3 

1 pB; L; E0“; glbM 

' 1 ;vF; L; R; vgbM; r; t sf ... 

! 1 -F ; L ; eE ; vgvlbM ; a ray . . . 
i 1 F; E; gbM; *6, 7vnr ...... 

' 2 pB;cL; iR; vglbM; r; IstofS 
' 4 vB; vL; IE; vsvnibM; r 

2 icB; pE; vlE; gbM; r 

; 1 F;R;2ndof3 

i 3 'rj Argiu. The great iieb 

i 1 FT R :3rd of 3 

! 1 ;vF ; cS; iR 

jril'vF; S 

ivB; cL; R; svmbMP-N 

i 3 !eF:S;R,gihM 

’ 3 ivB; cL: K; p^bM; r 

= '..B- pS; R; sbM 

: o !pF: cL; iR; vglbM; 1st of 3 

2 iF; pL: iRi g*bM ... 

) i ;? 3’B; L; R; psmbM; 2nd of 3 

) ; 1 ;vF; R 

) 2 iF;!5;lE;bM 



86 


SIE J. F. W. HEESCHEL’S CATALOGUE 


No. 

of 

jCata- 

logue. 


Eeferences to 


I Sir <T. H.’s jsir W. H.’sj 
I Catalogue‘s | ClasM i Authorities. 
! of Nebula* | and Nos. | 


: Annual ; 

Eight jPrecession j No. 
A'seenaion * in ! of 
for ! Right i 
1860, Jan. 0. j Ascension iused, 
for 1880. ; 


{ Annual ; 

North Polar i Prec^ion j No. 

Distance I in 1 

for ! N.P.D. jobs. 


18(50, Jan. 0. 


for 

1880. 


u.‘<*d. 


h. 

2210 ; 762 

2211 1 761 

I 

22121 3298 
2213| 763 

22141 3299 
2215i 764 


12216 ! 
:2217| 
22181 
2219' 
2220 ; 
222 1! 
2222 ; 
2223^ 
2224, 
22251 
22261 
2227: 
2228: 
2229; 
2230i 

223J 

1 

2232; 


H. 


m. 881 


765 

766 


768 

767 

771 

769 

770 

772 
772, g| 

773 
776 

774 

775 


‘ h m s -s ' 

:i0 41 2-5, +3-116: 

10 41 3-8 1 3-176; 


II. 87.2 

1. 116 

1.117 

I, 284 
III. 792 

II. 361 i 

II. 335 1 

III. 919 ' 

111.913 

II. 718 


II. 362 

III. 522 

I. 27 

II. 363 

IV. 6 

II. 131 
II. 493 


22341 

...... 1 

/7/ i 

III. 88 : 

2235! 

778 ! 

11.494 i 

2236) 

779 i 

I.118?l 

2237| 


111.108 1 

2238; 

780 1 

1.172 i 

2239: 

782 ! 

1 

2240, 

783 ! 

IIL 20 1 

12241 : 

784 : 

III. 497 1 

12242* 

781 S 

II. 887 i 

l2243i 

786 i 

II. 47 1 

|2244j 

785 1 

III. 914 

12245' 

787 i 

1.267 j 

|2246, 

3301 

1 

12247* 

3300 

! 

’.2248' 

788 

1.233 1 

'2249' 

3302 


12250' 

3303 


1225 1| 

789 

li.364 ; 

12252' 

3304 

i 

12263: 

790 


12254 

791 

11. 82 1 

|2255 

792 

IV. 29 1 

12256 

793 

! 

12257 


1. 268 i 

!2258 

794 

11. 16 i 

j2259| 

3305 

i 

|226 oI 

795 

i 

12261* 

1 796 

i 

I2262 

■ 798 

1 

j2263 

: 797 

111.632 

12264 

' 3306 


|2265 

I 799 

11. 888 

*2266 


III. 972 

I2267 


III. 67 


84 18 1-3; +18-91 
76 43 38-3 ' 18-91 


I Total j 

SunimaryDeserii^itmfroma 
Comparison of all the j ^ 

Obserrations, Remarks, &c. | ' 

and H.| 


10 41 ,32-5! 
ilO 41 36-0, 
10 41 41-8, 
10 41 59-8; 
10 42 2-4, 
10 42 7-5 ; 
10 42 34-7 t 
10 42 57-4 ; 
10 43 2-3 
10 43 15-4 
10 43 17-6 
10 43 20-3 ; 
10 43 21-3; 
10 43 33-3, 
10 43 + i 
10 43 33-5 
10 43 28-5 i 
10 43 29-8 ; 
10 43 41-7; 

10 43 49*0 


2- 807 i 
4-082 ; 
2-870 ! 

4- 075 ‘ 

3- 364 , 
3-.364 : 

5- 103 , 

3-717 ' 

3- 314 , 

4- 609 i 
3-619 

3-884 

3-792 

3-496 

3-307 ' 
2-982 
3-180 : 
3-308 I 


1 120 
1 : 23 
3 .114 

1 : 23 
2 ; 56 

2 ' 56 
1 I 11 
1 ; 33 

3 i 60 
1 i 15 
1 
1 
1 
1 


38 
30 

45 

... ; 45 
4 61 

(3) ' 102 

2 : 75 
2 61 


48 44-6 
28 40-9 
25 38-6 
30 51-2 
16 38-2 
15 59-2 

57 49-1 

49 54-1 
47 45-1 
34 35-7 
13 .52-4 
53 7*4 

49 46-4 
32 51-4 
± 

17 10-4 
6 30-0 

50 51-4 
9 14-7 


18-92 j 
18-93 
18-92 i 
18-94 1 
18-94 1 
18*94 i 
18-97 ‘ 
18-97 i 
18-97 i 
18-97 , 
18- 
18- 


18-99 


Suspected; *nr 

F; L; E90°±; vglbM 
I 3rd of 3. 

|F; S;ptuE0° 

:vF ; S; psbM; stnr 

iF; S; R; psbM; 2stl0f..... 

icF; S; IF; vgbM 

leB; pS; ilE; Ist of 2 

|)B; pS; ilE; 2tid of 2 

:cB;vS;iF 

•vF;S:E;er 

;pF;S;R;b.M 

;pF;L;iE; vobM 

pB; H; pgb.^l 

ivF; vS; K; vS^if iir 

vF; cS; R; 2pB sts 

•pB; S; vlE; stellar; .3.8 star. 

3' dist from li. 772 

B; pL; K; mbM 

;F; S; R;lbM 

■B; S;lEl35- + ;smbMN... 
icF; S; K; bM.T. 


3.117 4 : 83 26 44-4. 18-99; 4 B;vL;H;bM;r 


10 43 52-8 
10 43 54-7 
10 43 57-2, 
10 44 1-8' 
10 44 27-8 , 
10 44 33-7 i 
10 44 35-5 
10 44 40-7 
10 44 40-7 * 
10 44 43-3: 
10 44 54-9’ 
10 44 59-2’ 
10 45 10-9 : 
10 45 58-4: 
10 45 58-5! 
10 46 59-6; 
10 46 5-2 

10 46 20-2 
,10 46 25-7 
10 46 40-2 
10 46 .52-3 
,10 47 1-0 
;10 47 .3-0 
;10 47 11-5' 
10 47 21-71 
HO 47 23-7: 
|10 48 2-0 ; 
ilO 48 29-5 
ilO 48 57-1 i 
10 48 57-6 i 

|10 49 26-2! 

;i0 49 3.3-9 i 

;10 49 58-91 

ilO 50 5-6 i 
jlO 50 15-1 1 
IlO 50 35-3! 


3-.355 

.3-327 


3-121 ; i 

3-356 : i , 

3-355 I 1 : 
3-141 ! 1 , 
:i-395 2 

3-356 

3-156 
.3-105 
3-865 
3-257 I 2 

3-740 i 1 
3*730 ; 1 

2*660 I 2 

3-203 1 i 
3-666 ; 1 
2-809 

2- 919 

3- 291 

2- 912 t 

3- 206 j 1 
3-205 i 1 
2*958 i 1 
3*207 
3*721 

3- 132 

2- 879 

4- 652 

3- 146 
.3-145 
3-425 

2- 976 

3- 759 
3-819 

+ 3-197 


56 29 54-7 ■ 

57 16 54-7 , 

83 25 0*7 . 
56 21 52-0 i 
06 18 10-3 i 
80 44 57-3 i 
52 38 29-3 ' 
56 10 30-3 ; 
79 6 47-3 , 

! H.'i 28 16*3 I 
; 27 58 21-6 I 
I 66 19 33-6 ! 

1 32 8 27-9 ; 

: 32 16 18-5 i 
; 134 24 21-2 ’ 

; 72 29 30-5 j 
: 34 56 48-5 I 
; 122 10 58-5 j 
1110 6 14*5 I 
i 62 1 7-1 i 
i 111 2 13-1 j 
j 71 54 33-4 
i 71 58 7-4 1 
1 105 16 67-4 
j 71 38 54-7 
1 .32 8 1-7 
i 81 33 42-0 
Ills 23 68-3 
1 14 3 47-2 
i 79 30 48-9 
j 79 29 49-2 
I 48 18 8-2 
103 33 21-5 
j 29 44 47-8 

I 27 39 6-1 
; 72 9 7-1 


18-99 i 
18-99 ’ 

18- 99 

19 - 00 
19-01 , 
19’01 ‘ 
19-01 
19-01 
19-01 i 
19-01 : 
19-02 ; 
19-02 i 
19*03 
19*05 ; 
19-04 • 
19-05 I 
19-05 i 
19-05 i 
19-05 
19-07 
19-07 
19-08 
19-08 
19-08 
19-09 
19*09 i 
19*10 
19*11 ' 
19-14 I 
19*13 i 
19*14 j 
19*14 I 
19*15 i 
19*16 1 
19*17 I 

+ 19*17 


1 F;S 

1 icB; cL;iR;mbM(?58 P.l).).: 

3 F; vL; K; VgbM; rr j 

1 pF; pL; IE; sp ot 3 

1 'pB;L;iE;gbM; 2ndoi3... 

1 |eF; eS; R .••••j 

2 pB; pL; vmE 42~*5; Juiv.'j 

EppB; nf of 3 in aline i 

1 ivF; vL; R; VgbM * 

1 iF; pS; R; vglb.M j 

1 icF; pS; IE; vgbM j 

3 :pB;pL;lE120";gbM j 

1 ,vF;S;lE j 

1 icB;pL;iR; vglbM; *10u!2' i 

2 :Cl;pL;P;lC;iF;st9...13j 
1 ,eF; vL; vgvlbM; B ^sp 

1 ,B;pL;mE67=-0;gbM | 

1 iF; S; R; *6-7 sf | 

1 ivF; L; R; vglbM; r 

4 F; pL; vlE; vlbM 

1 jF;S;R;bM 

■ pF;lE;npof2 

pF; S; E; gbM; r; 8fof2... 
eF;aUto*12f .... ' 

2 or 3 Sst&neb ... 
vB; vS; R; stellar 
. vF; vS; vlE; psbM 

1 lF;S;R;glbM ... 

2 leF; pL; R; vglbM; „ 

1 ivF; ♦9» 90 °; P of 2 

1 vF; R; vsmbM*12; f of 2, 

2 F;eS;R;bM. 

1 eeF ; 

1 vF;S;R;vgbM 

1 vF; S; R; bM 

1 vF;E;bet2 8t 


inf 
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No. 

j References to j 

Right 1 Precession \ 

of 

Cata- 

logue, 

l8ir J.IL’b! 
Catalogues 
! of Nebulae. 

SirW-H.’B Other 1 

! Cl^ Authorities, 

j and Isos. | 

for j R^ht ' 

1800, Jan. 0, ■ Ascension 1 
! ; ibr 1880. j 


h. 

H. i i 

h m s i 8 j 

2268 

800 

I nr. 332 * 1 

10 50 49-8 +3-253 i 

2269 

801 ! 

! III. 705 

10 51 18-6 3-485 i 

2270 

3308 


10 52 16-3 2-675; 

2271 

3307 


10 52 17-7: 2-869 i 

2272 

802 

I j 

10 52 29-0 4-670 ; 


f 804] 

' i 


2273' 

= 

11. 100 1 

1 

10 52 37-61 3-178 ; 


I [3309] 
2274 ! H05 

2275; «03 

2276 ' 806 

2277; ^07 

227 H' 808 

2279 «e9 

2280! 3310 

2281' 

i2282‘ 

!2283 

12284 1 

12285 J 

12286 331 1 

12287 ^10 

i228«' 3312 
i22S9 811 

12290 812 


12292 

i2293 813 

;2294 

12295 815 

2296 

2297 3313 

2298 816 

2299 817 

2300 3314 

230li 818 

2302 

2303, 819 


10 52 56*1 ; 
10 53 14*5; 
10 53 49*7 ; 
10 54 0-3 
10 54 11-7; 
10 54 29-4, 
10 54 30-4 
10 54 45-6 


10 55 32-8 ■ 
10 55 33-8' 
10 55 50-2 
10 55 53-7 
10 55 59‘3' 


10 56 5*4 
10 56 G’3 
10 56 27-4 
10 56 28-0 ■ 
10 56 43-8 
10 56 50-2: 

10 57 1-2 

JO 57 13-1 , 
JO 58 19-3 ' 
10 58 38-7 : 
10 59 4-5. 
10 59 13-5; 


jObs.! 

iused.; 

for 

1860, Jan. 0. j 

i 

N.P.D. i 
for j 

1880. j 

i 

; 1 1 

65 1 18-4 ; 

+ 19-18 

i 1 ' 

43 8 17-7 

19*19 I 

: 1 ; 

135 49 22-3 ! 

19-21 ' 

1 1 

117 43 48-3 ! 

19-21 i 

: 1 

13 25 47-9 ; 

19-23 1 

; 4 ; 

74 24 56-6 ' 

19-22 

! 10 

60 16 20-6 

19-22 

1 1 

31 34 53-9 1 

! 19-23 

■ 2 , 

75 20 58-9 

' 19-23 

. 1 ' 

77 5 16-2 

! 19-24 

2 

61 32 11-5 

1 19*25 

3 

85 37 30-5 

; 19-25 

1 

149 34 46-5 

i 19-25 

' 1 

108 43 14-1 

! 19-27 

■ i 

74 52 13-1 

, 19*27 

■ 1 ' 

33 2 13-4 

; 19-28 

■ 1 i 

13 27 12-0 

19-30 

. 1 

149 5 48-7 

19-29 

5 

61 16 22-7 

. 19-29 

1 

104 44 26-0 

: 19-30 

3 

78 10 23-0 

, 19-30 

! 2 

71 6 42-0 

19*30 


1 ' 105 32 3-0 , 19-30 

1 84 28 16-3 ' 19-31 i 

2 60 21 55-3 19-31 ! 

2 112 21 17*3 ‘ 19-31 I 

1 Gl 11 48-3 19-31 

2 112 29 17-6 ' 1932 

1 : 108 1 41-6 ■ 19-32 ' 

1 16 40 22-2 ' 19-34 

1 ' 32 43 27-2 ; 19-34 

I 150 36 38-5 19-35 

1 89 16 57-8 19-36 

1 ! 13 33 18-7 19-39 

2 77 51 22-4 , 19-38 


SuBimary Description from a 
Comparison of all the 
Observations, Eemaris, &c. 


1 vF;R;gbM;,13lH-'j:ji 2 

1 cF;S;R..... ..J 2 

1 eF; S; R;gbM i i 

1 pF; S; R; bM; am St | 1 

1 V’’ery doubtful object | 1 

4 F;L;R;glbM;r i 5 

10 cB; cL; R; gmbM ! 13 

2 IvB; pL; IE 80^+; smbMN. ■ 4^ 

1 leF;cS;R;bMN i 3 

2 |vF; R; bM; *sp ! 2 

3 jvF; pL; niE s 4 

1 :Cl;pL; pRi;lC;stl3 1 1 

1 !vF; vS; iK; glbM j 1 

1 .eF; pL i 1 

1 jvF; vS; stellar , 1 

1 ' I I ; D neb ; v near 1 

1 38 stlOin in vFneb 1 

6 B; L; E; mbMN; rr; p of 2 8 

1 'pF; S; R; glbM; *14 nr ... 1 

3 vF; c8; R; vgvlbM 4 

2 ;cF; pL; R; sbMS*; 4 

j *9 -att 25°. 

l!eF;S;lE;? ! 1 

2 .F;L; cE; *7, 310'-’8' ! 5 

2 vF; vL; mE i 2 

1 F; p8; R; pgbM, f of 2 1 2 

2 'vF; vL; mE 2 

1 vF'; pL; R; vgvlbM 1 

1 'pB; vS; iR; psmbM* 2 

1 cF;S;K;vgbM 2 

l'Cl;pHi;pC 1 

1 ,cB; cL;inE ]40°+;vsmbMN 4 
1 F;pL;lbM I 1 

3 F; S; IE; psbM; 2st np in 5 
! line. 

3 eF; S; *10 p 60'^ 5 

1 F; S; R; pslbM;pof2 1 

1 leF; 8; R; vlbM;f of2 1 

1 ‘vF;S;R;pgbM 2 

2 ;::;Cl;eL;R;lC;stb...l2... 4 

1 ieeF; vS*att 1 

1 tcF; vS; R; bM; r 2 

liF;S;R;bM 1 

1 jeF’ ^ 

1 ^’F;R;psbM; *7p7' 1 

1 'eF; v8; F0°:tir ^ 

1 F;S:IE;vlbM ^ 

1 eF;S;#8.p 1 

2 cR.-cL;cE 160°..... 2 

1 :cB; vL; vmE 79°'0; pbM; r. 3 
6 ::,-F(?«/r);S;R;bM;*9fl'; 8' 

j 1st of 4. 

3 eF; vS; 2iid of4 5 
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Sir J. H.’s iSir W. H.’sJ 
CatAlo^« I Classes ; 
of Nebulffi. . and Nos. | 


Other 

Authorities. 


Eight 

Ascension 

for 

1860. Jan. 0. 



Summary Bescription from a 
Comparison of all the 
Obserrations, Eemaris, &c. 


j Total 
I No. of 
; times 
!of Obs. 
I by In- 
land H. 


2321 

2322| 

23231 

2324j 

23251 

i 

23261 

2327' 

2328 

2329; 

2330; 

2331; 

2332; 

2333! 

23341 

2335! 

2336j 

2337; 

2338' 

2339, 

2340; 

2341' 

2342! 

2343 

i 

2344: 


2347: 
2348' 
2349i 
2350: 
l' 

2352 

2353: 

2354i 

2355 

2356* 

2357, 

j2358! 

12359 

12360 


12362, 

2363’ 

2364! 

23651 

2366 

23671 

2368| 

2369' 

2370; 

2371 ! 

2372 ' 

23731 

2374| 

2375 ! 

23761 


n. 1 
833 !' 

n. 


h m 6 1 

11 3 12-6 1 

3319 



11 3 19-8 

IIL 79 


11 3 25*7 

834 



1 1 .3 96.1 1 

830 

II. 337 

|11 3 30*4 

835 


Ill 3 36*1 

3320 


ill 3 56-5 

836 , III. 89 

Ill 4 2*4 

3321 


ill 4 9*7 


11.819 

]] 4 .32*1 i 

3323 

11 4 32-51 

3322 


'll 4 39-9 

3324 


ill 5 5*2-5 i 


III. 723 

11 5 53-4 1 

837 

11 5 .54-4’. 

3325 


ill 5 56-2' 

3326 



3327 


11 6 3-2 1 

ill 6 14-4 '■ 

II. 728 

11 6 18-3! 

3329 


;11 6 21-41 

3328 

11. 269 

11 6 28-1 i 

3330 


11 6 31-0 j 

838 


M. 97 

11 6 34-8 

839 

IIL 921 

11 6 51-9 

3332 


11 6 59-1 

3331 

IIL 529 

,11 7 4-5 1 

840 

1. 29 

11 7 16-1 ’ 


IIL 770 

n 7 «t6-n ; 


IIL 706 


11 7 30-1 

841 

11.102 

11 7 43-81 

3333 


11 7 49*1 ! 

843 

11. 49 

11 8 4-2 

842 

11. 709 

11 8 6-6 

3334 


11 9 7-0 


11. 626 

11 9 7-9 

844 

IIL 27 

11 9 21-8 

3335 


11 9 29-9! 

845 

IL 50 

11 9 30-6 1 

846 , 

11. 51 

11 9 35-3 

847 1 

1.270 

11 10 11*5 

849 1 

11.521 

' 

ill 10 16-1 

848 

: 1.271 

'll 10 20-9 

850 

IL 729 

:ii 10 29-9 

851 

111. 333 

11 10 39-0! 

851, fl 


R. nova 

11 10 + 


IIL 76 

n 

3336 



11 10 59-5 


IIL 334 

1 11 11 0-0 

852 

1. 244 

j ill 11 9-6 

3338 


11 

3337 

L 241 

A. 617 

ill 11 29*6 

853 

IL879 

11 11 32-8 i 

854 


iVL 65 

,11 11 .36-7 

855 


11 11 40-5 


' 11.885 

ill 12 17-2 

856 

IL 52 

ill 12 4.3-1 ' 


1 i 60 36 2M ! 


1 

...1 2 


2*830 i 

2 :126 

46 48-1 

19*47 

2 

jB; S; R; pgrabM; 1st of 3... 

2 

3*144 

1 , 77 

19 26*1 

19*47 ' 

1 

ieF:pS;lE;r 

1 

3*139 

1 ; 78 

3 

34*1 

19*47 1 

1 

jF; S; K; gbM 

1 

4*167 

1 1 16 

22 

0-4 

19-48 

1 

,pF; pS; IE; gbM; 

■ »15, 22^*1,70^ 

3 ‘ 

3*252 

3 ' 60 

32 

50*1 

19*47 

3 

vF; pL; 4th of 4 

3 

2-832 

2 ;i26 

46 

43*4 

19*48 

2 

pF;B;R:bM;2ndof3 

2 

3-108 

2 ; 83 

25 

3*4 

19*48 

0 

eF:R;8bM;r 

3 

2*835 

1 126 

42 

10-4 

19*48 

2 

vF; pL ; R ; # inv ; SB st nr... 

2 

2*972 

1 107 

31 

27*7 

19*49 

1 

pF;pL;iF:bM 

1 

2-5.34 

1 149 

28 

52*7 

19-49 

1 

Cl;pRi;lC 

1 

2-842 i 

1 126 

5 

31-7 

i 19-49 

1 

pF: S;R;g!bM;3stllf ... 

I 1 

2-522 ' 

1 150 

36 

57-3 

' 19-51 

1 

F.IE; 1 st of 6 

i H 

3-424 

1 ; 40 

53 

27-6 

19-52 

1 

eF; vS; p of 2 

' 1 i 

2-988 ■ 

1 :105 

11 

45-6 

19-52 

1 : 

:Neb(?) 


2-526 I 

2 150 

28 

3-6 

' 19-52 

3 

F; IE; sbM; 2 nd ol 6 

1 2 t| 

2-526 i 

2 150 

3$ 

58-6 

! 19-52 ; 

2 

#12 with fan-shaped neb att; 
1 3rd of 6 . 

i -t 

2-528 i 

2 il50 

30 

34-6 

; 19-52 i 

2 

B;bM»;4thof6 

i -t 

3-422 : 

2 40 

51 

28-9 

; 19-53 

2 

pB; pL; R; vgmbM 

i 2 ; 

2-541 ' 

2 150 

26 

42-6 

19-52 

2 

F;L;E0^:bM;5thof6 ... 



0.00*? i 

2- 540 i 

3- 514 I 

3-621 

2- 546 

3- 000 
3-144 
3-520 
3-404 
3-154 

2- 946 

3- 172 
3-339 

2- 558 

3- 098 
3-169 

2- B85 

3- 169 
3-169 
3-548 

3-098 j 

3-533 ; 
3-366 i 
3-197 ! 

3-149 i 

2 - 939 i 

3 - 197 ! 

3-620 I 

1- 992 j 

2- 899 : 

3- 745 j 
3-139 ■ 
3-111 : 
3-512 

+ 3-164 ; 


115 59 51-9 
;150 35 29-9 ■ 
I 34 13 38-2 ■ 

i 

28 32 29-2 ; 
! 150 2 19-2 ! 
' 103 19 48-2 : 

; 76 25 29-5 

' 33 29 29-5 
: 41 45 30-5 
! 74 26 53-8 
, 112 57 42-8 
71 7 42-8 . 
i 47 38 28-8 , 
150 29 39-4 ; 
; 84 42 34-4 
i 71 14 8-7 : 


19'53 

19-53 

19-54 

19-54 

19-54 

19-54 


19-55 3 

19-55 

19-55 

19-56 

19-56 

19-56 

19-56 

19-58 

19-58 

19-59 ! 

19-59 


1 


B; pL; E; vsmbMN; 2RstA, 
eF; S; E l60' + : 6ih of“6 ...; 2t ! 
!!; O ; vB;vL; K; vvg, vsbM Q ; 4b 
< i9''*0(l. I : 

vF; L; E; vgbM; inAof Litfj 2 i 

,CI;pRi;C;E 1 ' 

vF;S:iR,-lbM ; 3 : 

B; cL; E90' +; psmbM | 4 , 

vF; vS; stellar ! 1 , 

vF; vS; vlE; stellar; cB# n... 2 ; 

pF;L;R;glb.M ! 2 j 

vF;pS;R;bM ! 1 j 

B;pS:R;pgmbM | 2 1 

pF: S; IEOH: VgbM 1 4 | 

0 and neb: *t 15... 18 ' 

pB; S; IE; mbM. 

F; S: R; sp of 3 

:eF; S; RigbM ! 1 


2 

71 11 38-7 i 

19*59 

2 

,vB; L; R; vmbM ; 2 nd of 3.. 

3 

2 

71 5 49-7 

19-59 

2 

B;pL; R;p+M:3rdof3... 

3 

3 

30 27 29-0 ,, 

19-60 

3 

vB; pS; 1E90"±; 

! vsvmbMSN. 

5 

2 

84 40 50-0 1 

1 

19-60 

2 

pF ; cS ; iR ; psmbM ; 
j *10, 330^ 3'. 

5 

1 

31 14 40-3 i 

19*61 

1 

'vB;cL;mE305°*0;smbMN 

2 

1 

43 29 5-3 , 

19-61 

1 

;F:pL;IE90H;gIbM;r ... 

3 

1 

65 49 46-3 1 

19*61 

1 

icF; vS; smfa.M; stellar; pof2 

2 


65 49 + i 



IF; S; bM; place from MS ... 

0 

1 

74 29 36-6 : 

19-62 

2 

leF; pL 

1 

1 

115 21 55-6 : 

19-62 , 

1 

;F;S;R;gbM 

1 1 

1 

65 42 34-6 ! 

19-62 i 

1 1 

ivF; S; f of2 

1 

1 

31 30 10-6 ; 

19-62 

1 1 

icB; cL; R; VgmbM 

3 

] 

165 27 17*6 i 

19*62 

i 1 

iF; pS; pmE; gbM 

1 

1 

122 2 45-9 j 

19*63 

I 1 

cB; vL; El60°+; am 4 st,..i 

2 

1 

21 59 31*9 i 

19*63 

1 1 

ipB;S;R:gbM i 

2 

3 

76 8 46*9 i 

19*63 

i 3 

iB;vL,-mEl65°+;gbMBN. 

8*t 

1 

81 42 52*9 1 

19*63 

I 1 

ieF 

1 

1 

31 22 36*2 i 

19-64 

1 

jF;S;lE;135H 

1 

1 

70 52 55*5 ! 

+ 19-65 

1 1 

iB;S;vlE;sbM 

2 



OF mmLM CLUSTERS OE ST ARS . 


1 r 890 

2419k = ^ 11.159 

2420j ^890 1. 262 

2421 892 L246 

24221 893 

j r 11.160 'j 
2423 894< = 


1 lU. 28 J 

2424 895 ^ II. 770 

2425 896 1. 247 


No. 


Mereaces to 

Annual 

Precession 

No. 

North Polar 

Annual 

Precession 

In 

1 

, Summary Description from a 

Total 
No. of 

Data- Sir J. H.’s 
logne. Catalogues 
of Nebuki. 

8irW.H.’s 
Cksges 
and Nob. 

! 0>r 

. 1 1860, Jan. 0. 

Authorities. 1 

in 

Bight 
Ascension 
fOT 1880. 

19^ 

for 

1860, Jan. 0. 

m 

NP.D. 

for 

1880, 

, Comparison of all the 

i Observations, Remarits, &c. 

j 

3f Obs. 
by In 
andH. 

1 

2377 

h. 

r 857 

H. 

j 

1 h m B 

M.66 :11 12 48*3 

B 

+ 3*137 

2 

76 15 17*5 

+ 19*65 

I 

3 iB; vL;mEl50";mbM;2stnp| 


i 

2378' 

1875? 

859 

V. 8 

1 

ill 12 57*4 

3*140 

4 

75 38 28*5 

19*65 

1 1 

4 jpB; vL; vmEl02°*0 : 

8t 

2379, 

858 

I. 226 

ill 13 1*7 

3*435 

1 

36 4 6*5 

19*65 

1 ipB; L; R; svmbMrN ‘ 

2t 

2380, 

860 

II. 338 

'll 13 3*3 

3*211 

7 

62 16 12*5 

19-65 

7 *eF; L; R; vgvlbM 

9 

2381. 

861 


11 13 5*2 

3*089 

2 

86 16 11*5 

19-65 

2 ipB;S;R;smbMN.... 

3 

2382. 


IE 30 

Ill 13 6*1 

3*163 

1 

71 4 37*5 

19-65 

1 ipB;*inv 

1^ 

2383 

862 

II. 550 

Ill 13 21*8 

3*027 

2 

99 30 44*8 

19-66 

2 jF; vS; R; IbM; *7 E pot 2, 

4 

2384 

863 

11. 551 

ill 13 36*0 

3*028 

2 

99 28 56*8 

19-6^ 

2 IF; vS; R; psbM; i|f7p; fof2 

4 j 

2385 

856, « 


R. nova ll 1 13 46*1 

3*164 


70 52 55*5 

19*66 

:: ;pF; S; R; vlb.M ; loll h. 856, 

0 

2386 

864 

II. 33 

ill 13 53*9 

3*090 

1 

85 59 53*1 

19*67 

1 :B;pL;R;pBbM 

3 

2387' 

865 

I. 245 

'll 14 10*0 

3*515 

4 

30 9 43*1 

19*67 

4 ipB; pL; R; vgbM 


2388' 

r 867 

111. 32 

Ill 14 20*6 

3*088 

1? 

86 16 50*1 

19*67 

ipipB; S; E;b>l 

\* 

2389 

2390 

1 861? 
866 

1 

III. 15 

1 

11 14 20*9 

3*170 

2 

69 4 20*4 

19*68 

2 |cF; cL; IE; gbM; .sp of2 ... 

3 

86s 


ill 14 51*7 

3*290 

1 

49 22 36*7 

19*69 

1 pB; S; piaE; bMN=close*? 

1 

2391 

869 

III. 16 

ill 14 52*5 

3*369 

2 

69 1 43*7 

19*69 

2 jv-F; pS; R;gbM; r]fDf2 ... 

3 

2392 

870 

III. 335 

<11 15 1*4 

3*190 

1 

64 56 3*7 

19*69 

1 jcF; vS; R; bM; np of 2 .... 

2 1 

!2393 

872 

111. 336 

'll 15 6*1 

3*190 I 

1 

1 64 57 48*7 

i 19*69 

1 ;vF; v.S; sf of 2 

i 2 1 

2394 

871 

n.775 

ill 15 6*6 

3*274 1 

1 

' 51 27 49*7 ; 

i 19*69 

1 ipF; cL; IE; VgbM 

1 0 I 

2395 


11. 880 

hi 15 94*0 

3*766 i 

2 

19 47 39*0 ' 

' 19*70 < 

2 T; S; 1E15°+ 

! * 

2396 

873 

1. a ' 

11 15 33*5 

3*150 ! 

3 

72 38 30*0 1 

: 19*70 ' 

3 !pR;pS; ill; bM;r 

1 ^ 

2397 

874 

11.782 

11 35 40*7 : 

3*423 ' 

1 

35 23 23*0 

19*70 

1 jpB; S; R; VgbM; *12p ... 

1 2 

2398 

876 

111.768 

If so 

Ill 15 58-6, 

3*409 

1 

36 18 44*3 : 

19*71 : 

1 icF; vS; R; stellar 

I f.p*. c. tC. r 

,1 3 

' 3 1 

2399' 

2400 

878 ' 
877 1 

11. 06 

IV. 59 1 

4 1 l6 22*1 i 

j 'll 16 23*3 1 

3*154 1 

3*273 

1 

1: 

71 25 28*3 1 
i 50 42 2*3 

i ^9-'^ i 
1 19*71 i 

: . i/H. cB;’S;If,svmhMNl 

1 ^ Ml h. F; R; *17.^1. J 

3 1 

2401, 


11.635 

i 11 16 27*0 i 

3*037 

1 1 

^ 97 52 41*3 

1 19*71 

1 :F; pL; ill; vgbM- 

1 i 

2402 

3339 ! 

111.530 

'11 16 37*0' 

3*014 

I 1 

|103 3 31*3 

1 19*71 

1 1 F; S; R; stellar; p of 2 

2 1 

2403 

879 

IV. 4 

1 11 16 39*9 

; 3*070 

; 1 

i 90 19 53*3 

i 19*71 

' 1 ivF; S; att to #13 m 

3 i 

2404' 

881 , 

1.219 

1 'll 37 10*2 

: 3*271 

i 2 

50 28 40*6 

! 19*72 

i 2 'oB; cL; iR; pgmbM 

. 3 1 

2405 

882 ; 

I. 20 

1 11 17 11*3 

! 3*123 

; 3 

; 77 53 21*6 

: 19*72 

' 3 ip; E90H; B#f3i» 

, 5* ! 

24061 

3340 

111.531 

1 11 17 11*8 

i 3*015 
3*569 

' o 

:i03 4 29*6 

: 19*72 

' 1 ipF; pL; ill; vlbM 

, 4 j 

2407 

880 

11.845 

i 11 17 14*0 

i 1 

25 47 2*9 

; 19*73 

’ 1 'F; pS; iH; gbM; *9iip 

, 4 

2408i 

2409 

883 

II. 829 

i 11 17 24*4 

i 3*462 

1 

i 31 30 53*9 

' 19*73 

' 1 ,vF; pL; pinE 135^+ ; er ... 

3 I 

884 

m.337 

I ;I1 17 25*2 

j 3*182 

1 

' 65 16 34*9 

! 19*73 

' 1 ivF; vS; R 

2 

2410: 

885 

111,922 

1 ,11 17 54*2 

1 3*503 

; 1 

: 28 45 10*2 

i 19*74 

i 1 ,vF; vS; 2 vS at iiiv 

1 ^ 1 

241 1' 

886 , 

1. 131 

1 ;ll 17 58*3 

1 3*034 

1 1 

99 1 48*9 

1 19*73 

2 pB;L; E0"+;gbM 

.1 3* 1 

2412: 

3341 , 


1 ill 18 20*4 

I 2*956 

1 1 

115 58 29*2 

i 19*74 

' 1 iF; a;gvlbM; t7s6' 

1 ’ 

2413j 

887 ; 

1.194 

! jll 18 26*4 

i 3*301 

; ^ 

; 45 38 32*2 

, 19*74 

1 2 'vB; cL; vmE0''’ + ; vsinbMN 

4 ; 

1 1 

2414; 

888 j 


I ill 18 34*5 

3*328 

2 

' 42 14 27*2 

1 

I 19-74 

! 1 stp. 

! 2 !eF;S; R; vsbM*;2stllnf 


2415! 


Il’886 

i ill 18 36*9 

3*442 

i 1 

' 32 6 42*5 

i 19*75 

' 1 !pF;iF 

' ; I 

24l6j 

889 1 


Ill 18 47*7 

3*199 

1 1 

i 61 21 44*5 

i 19*75 

1 1 :vF;S;R;psbM;*12nf 

■ ^ ! 

2417' 


111.112 

1 hi 18 51*5 

3*051 

! 

' 95 4 52*5 

! 19*75 

2 ? 'eF ; cL ; R ; r (v near vB* ). . , 

. 3* 1 


111 19 10-3 3*143 4 I 72 22 2-5 i 19*75 


jll 19 19-3 3*618 I 

111 19 32*8 3*431 I 

II 19 52*5 3*144 ! 

11 20 23*8 3*144 | 

11 20 32*3 3*202 | 

11 20 44*8 +3*441 


1 ■ 22 38 33*8 19-76 

1 ; 32 20 57*8 ! 19-76 

2 ' 72 12 19*8 : 19*76 


5 I 59 42 52*1 i 19-77 
1 j 30 40 47*4 : +19*78 


2 |C!;cL; pRi;lC;stlO...]4... 2 

4 ;B;pS;R;bM 5 

1 icB; S; iR; spmbMN 2 

1 jcB; pL; E ^ 

3 jpB; pL; E; vgb.U 3 

2 jpB; L; vlE; vgbM; r ! 5 

5 ipB;pS; R;lbM;r .1 6 

2 jpB; pS; viE80‘^+; pgbM;: 4 

Sst sf nr. j 


MDCCCLXiy. 
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Sm J. F. W. HEKSCHEL’8 CATALOGCE 


. Sfo. 


Keferences to 

Right 

Annual 

Precession 

! So. 

North Polar 

Annual 

Pm»s8ion 

No. 

Cata- 

logue. 

Sir J. H.’s 
Catalogues 
of l^^ebulffi 

|sir W. H.’ 
Classes 
and Nos. 

j Ascension 

Other 

j Authorities. 1600, Jan. 0. 

in 

Bight 

Ascension 

for laso. 

lObs. 

jused 

Distance 

{<x 

1860, Jan, 0. 

in 

N.P.D. 

for 

1880. 

of 

Oha 

us«L 


h. 

; H. 



8 

1 




2426 

897 

i 11.339 

! Ill 

20 45’7 

+ 3*182 

i y 

63 34 36*4 

+ 1^8 

1 

2427 

898 

; IL 54 

11 

20 49-6 

3*142 

• 2 

72 18 40*4 

19*78 

2 

2428 


11.152 



.3-111 

1 1 

79 41 44-4 

1Q-7H 

1 

2429 

3334 

I III. 533 

,11 

21 9-0 

3*023 

1 

102 24 55*4 

19*78 

1 

2430 

899 


11 

21 22*8 

3-231 

! 1 

53 48 40*7 

19*79 

1 

2431 

900 


,11 

21 30-0 

3*158 

1 

68 25 51-7 

19*79 

1 

2432 

3345 


ill 

21 33-5 

2*706 

1 

'149 11 3*7 

19*79 

1 

2433 

901 

11. 349 

11 

22 5-3 

3*171 

1 

65 7 52*0 

19*80 

1 

2434 

902 

II. 13 

11 

22 53-7 

3*109 

1 

79 57 4-3 

19*81 

1 

243.5 

3346 


,11 

22 53*9 

2*920 

3 

125 37 34-3 

19*81 

3 

2436 

903 


11 

23 0*3 

3*109 

1:: 

79 52 19*3 

19-81 

1 

2437; 

904 

II. 350 

11 

23 43-7 

3-161 

1 

66 27 39-6 

19*82 

1 

2438 

905 


11 

24 15-2 

3*185 

1 

60 44 5*6 

19*82 

1 

2439; 

906 

II. 367 

11 

24 171 

3*183 

3 

61 4 23*6 

19-82 

3 

2440 

907 

III. 353 

11 

24 28-7. 

3*183 

3 

60 52 0-9 

19*83 

n 

2441 

3347 

11.562 

'll 

24 29-0 ; 

3*024 

2 

103 27 38*9 

19*83 

2 

2442. 

3348 


,11 

24 36-6 1 

2*95s 

« "Z 

119 29 4-9 

19*83 

2 

2443 

908 

I. 221 

11 

24 46-4 : 

3*342 

2 

36 9 21-9 

19*83 

2 

2444 

909 

II. 836 

11 

25 43-2' 

3*442 

2 

27 21 32*2 

19*84 

2 

2445! 

910 

11.730 

'll 

25 44*5 1 

3*284 

2 

42 10 57*2 

19*84 

2 

2446 

912 

11. 351 

T1 

! 

26 21 ; 

3*162 

1 

64 46 58*5 

19*85 

1 

2447 

911 

I. 222 

'll 

26 2-3 

3*333 

1 

36 5 47*5 

19*85 

1 

2448 


III. 60 

'll 

27 5-9 i 

3*115 

1 

76 43 50*8 

19-86 

1 

2449. 

913 

11.552 

ill 

27 8*0 i 

3*042 


99 3 46*8 

19*b6 

2 

2450 


III. 771 

*11 

27 10-4' 

3*340 

1 

34 23 50*8 

19*86 

1 

2451 

3349 

III 935 

11 

27 371 : 

3*038 

1 

103 19 8*1 

19*87 

1 

2452 

914 

1.287 

11 

27 44-4: 

3*602 

1 

18 41 33*1 

19*87 

1 

2453‘ 


III 772 

ill 

27 44*9 1 

3*340 i 

1 1 

34 15 61*1 

19*87 

1 

2454’ 


11. 783 

11 

26 6-8 

3*331 

1 1 

34 41 52*1 

19*87 

1 

2455 

915 : 

111.847 ; 

ill 

28 23-8 i 

3*387 ' 

1 1 

29 15 14*4 

19*88 . 

1 

2456 

916 

I 

ill 

28 33-7 ! 

3*255 ' 

1 I 

43 56 23*4 

19*88 

1 

2457 

3350 


,11 

28 

2*938 : 

2 ' 

127 10 35*4 

]9-t<H 

2 

2458 


HI. 969 : 

11 

28 56*6 1 

3*748 ' 

1 1 

14 14 50*7 

19*89 

1 

2459 

3351 

i 

ill 

28 59*4 ■ 

2*939 

2 

127 12 45-4 

19*88 

' 

2460 

2461 

917 

11.905 ! 

'll 

29 3-21 

3*784 ' 

1 ! 

13 56 57-4 

19*88 

1 

9I8 

11.784 

ill 

29 4'5 ! 

3*319 i 

1 ; 

34 ^5 43*7 

19*89 

1 

2462 

920 


11 

29 4-7 1 

3*203 1 

1 1 

52 49 3-7 

19*89 

I 

2463' 

919 

III. 843 1 

11 

29 8*5 i 

3*360 i 

1 1 

30 49 18-7 

19*89 

1 

2464' 

1 

1 

I 

D’Arrest, 78 ll 

29 16 j 

3*14 j 

[Hi 

67 24 12 

19*88 ^ 

[1] 

2460 

921 : 

II. 837 j 

ill 

29 29*6! 

3*398 : 

1 ! 

27 29 1*7 

19*89 ‘ 

1 

2466 




D’Arre.st, 79 11 

29 39 ; 

3*13 ' 

[2]i 

71 20 42 

19*89 

rn' 

i 

2467 

922 : 


.11 

29 41*9; 

3*150 , 

1 1 

65 7 26-7 

19-89 . 

2468; 

3352 

! 

A. 289 11 

29 42*0, 

2-764 i 

2 I 

150 49 29*7 

19*89 . 

2 . 

j2469 

923 

Ill, 29 ; 

11 

29 54*8 : 

3*128 ; 

1 1 

71 23 48-7 1 

19*89 i 

1 i 

2470 

924 


11 

29 55*8 

3*125 1 

1 1 

72 20 37*7 1 

19*89 

i i 

2471: 

925 ' 

11.731 : 

ill 

30 !0*0! 

3*262 j 

2 ; 

41 19 6-0 

19*90 ; 

2 

2472, 

926 

11.838 ; 

ill 

30 13-1 

3-364 , 

2 ! 

29 36 37*0 j 

19*90 ; 

A 

2473 

927 

11.352 i 

11 

30 27*9 i 

3*143 i 

2 i 

66 32 34-0 1 

19*90 i 

2 ' 

2474' 

928 , 

III. 81 i 

ill 

30 58*4, 

3*109 j 

1 i 

77 6 36-3 

19*91 1 

1 ' 

2475 

3353 i 


11 

31 34-0 ; 

2*881 , 

1 : 

139 55 51-3 

19*91 ; 

1 

2476 

929 ; 

1. 227 ; 

ill 

31 41-7; 

3*315 i 

- i 

32 57 27*3 

19*91 , 

2 

2477' 

j 

930 j 

11.732 1 

ill 

i 

32 1*9, 

3*241 

1 ! 

42 45 34*6 

19*92 , 

1 ' 

2478‘ 

3,354 i 

j 

1 

Ill 

32 6*8! 

2*954 

1 

126 57 46*6 

19*92 i 

2 ‘ 

2479, 

931 ; 


in 

32 18*7; 

3*171 

3 

57 18 46-6 

19*92 i 

3 ‘ 

2480: 

932 ; 

1 

ill 

32 21*7 , 

3*171 

2 i 

67 17 20*6 

19*92 i 

3 i 

2481j 

.933 i 

HI, 109 1 

in 

i 

32 29*4 : 

3*123 

2 1 

71 31 5*6 

19*92 1 

2 i 

2482' 

935 

HI. 609 ; 

1 

;n 

32 35*2 i 

+ 3*048 

1 1 

98 35 14*6 

+ 19*92 1 

+! 


Total 

SiiHuuary Bescription from e 
Comparison of all tiio 
Observations, Banarks, &c. jv ' 

and H. 


pF; S; R; vg^'IbM i 

pB; S; niE; 13 att i 

,pB; vL; R; vglbM i 

cF; S; H;gvlbM; r | 

pB; \L; IE O'; vstubM#]5; 

*11 n. [ 


i:r;pL;vlE:g!bM 


eF; pL; pmE; gbM ; 

vF; R; stellar; vS* 1 C) sf 
B; pS; mbMX=:*13; ' 

*11 p 4b 8 173". I 


Cl; pL; pRi; pC; st8...13 .J 


pB; S; pinE 

pF; S; R; gbM; r 

vF;S;E;r 


pF; L, vlE; vgbM; r 

F; S; attto*15; another* 

COIlt. 

cB; R;sbMN*; *9sf ...... 


icF; vlj; praE; sbM; 3Sstf; 
I 1st of 3. 

ivF; vS;R;gbM;*Ss6' ... 
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Cate- Sir J, H.’s fSirW. H.’s 
logue. Cfttalognffl | Classes 
of KebiiLT. ‘ and Noe. 


! h. I H. I h m e 

2483® III. 773 ill 32 45- 

24841 111.844 ill 32 47’ 

2485; 937 I 11.839 jll 32 47-l 

if 934-1 

2486i<^ = >■ ill 32 54- 

i 1^335.5 j ; I 

2487 938 ' 11.340 'll 32 54- 

i f 936-1 ! I 

2488 <^ = >'0.103 Ill 32 57* 

' L3356j ; i 

2489. 936, «; I R.nova jll 33 + ; 

2490' 939 ; 11.161 : ,11 33 0* 


Eight I Precession, No, 1 North Polar ^Prex^sgion No. 
Ascension : in 1 of | Distance - in of 

for I Eight 0b8.| for j N.P.D ' Obs 
1800, Jan. 0. | Ascension ' used. 1800, Jan. 0. | for used 
i for 1880 ; I 1880. i 


I Total 

Summary Description from a 1 
Comparison of all the i f 
Observations, Remarks, &c. by h ' 
and H. 


I h m s I s I i T , ,. ! u i ‘ 

ill 32 45-1 1 +3*305 j I | 32 59 54*6 , +19*92 . 1 cF;pS; vS*vnr 

ill 32 47*4' 3*327 1 ' 30 36 24*9 ' 19*93 1 vF; S; mE 

jll 32 47*9, 3'343 I 2 28 56 14*9 j 19*93 j 2 F; cS; K; mbM 

|ll 32 54*o' 3*116 12 73 53 41*9 j 19*93 1 3 cF; R; p of 2 

ill 32 54-5 I 3*144 j 1 64 31 35*9 * 19*93 , I F; cS; IE; stellar; r 

Ill 32 57*81 3*116 I 4 73 52 36*9; 19*93 j 6 |F; pS; E; pglbM; r; f of 2.., 


... iSinaller than h. 936 


n. nova ; ... i t; I ... 

1133 0*4; 3*122 3 I 71 29 46*9; 19*93 3 jpF; pL; R; bM; r; 2ndof3 

! ; i j ’ i ! 

R. 3novit? Ill 33 + i j 71 29 + i ... |No description (for 939. c,'. 

~ ‘ 1 I see No. 5069). ; 


041 

II. 830 

III. 375 

11 

,11 

33 23*7 
33 26*1 

3*300 

3*129 


32 58 24*9 
68 53 9*9 

19*93 

19*93 

1 

1 

lpB;£ 

ieB; cS;R; bM; r 

1 

3 

. 


D’ Arrest, 80 11 

33 29 

3*12 

[1] 

71 25 42 

19*93 i[r 

■F; pL; *9-10, s 5' ' 

0 


111. 33h 

1 1 

.3,3 .3.')-4 

.+ 1.95 

1 

66 46 41*9 

19*93 

1 

jvF; vS 

1 

942 

11. 737 

'll 

33 45*6 

3*237 

3 

41 30 46*9 

19*93 

2 

T; S; vlE; glbM 

4 

943 

I. 21 

'11 

33 45*7 

3*104 

3 

77 45 10*9 

19*93 

4 

jB;L;vlE 

8 

944 

III. 320 

91 

33 48-3 

3*142 

1 

64 24 10*9 

19*93 

I 

icF; vS; R; p of'2; *6 sf3'.. 

3 

945 

1. 94 

11 

3.9 53*4 

3*183 

3 

52 40 24*2 

19*94 

,3 

icB; pL; pmE90°+,' bM ... 

5* 

946 

111. .9.39 

11 

34 20*2 

3140 

1 

64 25 31*2 

19*94 

1 

icF;S;fof2 


447 



.34 40*4 

-9*^99 

1 


19*94 

1 

iF; 1st of 4 ■ 

1 

948 

111.284 

11 

34 47*6 

3*058 

1 

95 23 14*2 

19*94 

1 

F;pS: R; psbM 

3 

950 


ill 

34 51*9 

3*099 

1 

78 54 43*2 

19*94 

1 

'vF;2iidof4 

1 

949 

III. 376 

ill 

34 52*5 

3*126 

2 

68 54 26*.j 

19*95 

2 

!vF;cS; R;bM;bet2st 

0 

951 

II. 153 

11 

34 58*4 

.9*099 

1 

78 57 13*5 

19*95 

1 

IpF ; pS ; 3rd of 4 

2 

3357 


Ill 

35 9*4 

3*039 

1 

103 4 35*5 

19*95 

1 

;F;cS;lE;pslbM 

1 

952 

111.774 

'll 

35 10*2 

3*258 

1 

36 26 51*5 

19*95 

1 

ivF; cS; piuE 

3 

953 

11. 154 

ill 

.35 11*4 

3*099 

1 

78 58 3*5 

19*95 

I 

(pF; pS; 4th of 4 ' 


954 

11. 341 

ill 

35 14*4 

3*143 

3 

62 44 1*5 

19*95 

3 

jpF; S; R; psbM; stellar ...' 

4 



D' Arrest, 81 il 

35 21 

3*12 

[1] 

1 

70 22 42 

19*94 

f]' 

:F;S;lbM ' 

0 

9.55 

III. 775 

11 

35 51*3 

.9*253 

36 29 51*5 

19*95 

1 

oF; vS.,,, 


956 


ill 

35 56*5 

3*141 

1 

62 43 32*5 

19*95 

1 

eF 

1 

957 


(11 

36 11*6 

3*043 

1 

102 5 22*8 

19*96 

1 

P;vS;R;bM 

1 


HI. .940 

Ill 

36 15*0 

3*130 

1 

66 24 56*8 

19*96 

1 

ivF; pL; 2 suspected neb nr .. 

I 


HI. 102 

1 91 

36 15*9, 

3*097 

I 

79 6 56*8 

19*96 

1 

VF;p8 

1 



I D-Arrest,82 II 

36 21 

3*12 


70 7 42 

19*95 

d: 

‘vF; vS;5lbMX*13m ! 

0 

958 : 


1 ill 

36 24*4: 

“ 3*306 


29 6 47*8 

19*96 

2 

ipB; E;gbM; tSnfo^ ! 

1 

959 i 

H, b‘31 

! jll 

36 29*3; 

: 3*286 

' 2 

31 16 21*8 

: 19*96 

! 2 

!pB;cS: E; psbM^rl2 i 

3 

960 I 


1 ill 

36 32*6 I 

3*121 ! 

2 

69 15 52*8 i 

19*96 

2 

icF; S: R; 1st of .5 i 

1 

> 960, 

i 


R. 4 nova,' 1 1 

36 ± ' 


1 i 

69 15 + 



1 ' 1 
is “knots’* (vide h.960. 1,2, 3)! 

0 

961 i 


11 

36 39*1 

3*120 

2 

' 69 20 12*8 

' 19*96 

0 

i 

'cF; S; R ; 2nd nf 5 

1 

962 ’ 

HE 377 

n 

36 44*2 

1 3*120 

* 3 

' 69 17 13*8 

1 19*96 

i ^ 

F; S; R; vglbM; 3rd of 5 ... 

5 

963 i 


11 

36 46*7 

I 3*120 

i ^ 

1 69 14 9*8 

1 19*96 

' 1 

vF; pS; 4th of 5 

1 

964 1 


11 

36 53*3 i 

! 3*264 

: 1 

; 33 34 40*8 

! 19*96 

® 1 

,F;pL;R;vebM 

1 

965 ' 


11 

36 53*6 j 

; 3*259 

1 i ^ 

: 55 42 18*8 i 

I 19*96 

j 1 

F;S;R;psr.M 

} 


III. 35 

11 

36 57*9 i 

; 3*098 

1 1 : 

: 78 55 57*8 i 

! 19*96 

1 

ieF; vS 

1 

966 

; HI. 776 ! 

11 

37 2*1] 

3*265 

1 ; 

33 19 56*8 ' 

19*96 

1 

:eF;pL;lE , 

1 : 

1 HI. 378 i 

11 

37 6*3 i 

3*120 I 

i 1 : 

69 15 33*8 ; 

19*96 

1 

ieF- v+; R; 5th of 5 .........1 

3 


1 III. 36 

11 

37 11*91 

3*098 i 

i 1 , 

78 55 57*8 ! 

19*96 

1 

eF: vS...,. ' 

1 

970 

I HI. 386 

11 

37 37*2 1 

3*118 I 

1 ,' 

69 27 57*1 1 

]9*9r 1 

1 

VF; vS; r 

1 

111. 385 

11 

37 45*7 i 

i 3*118 

1 1 

69 14 20*1 j 

19*97 1 

1 

'F: S;R;bM.(?) i 

1 


— 11 

37 53*2! 

3*117 : 

1 

69 35 57*1 ! 

19*97 

1 

i\F; vS; r , 

1 

971 


11 

38 30*2 1 

+ 3*096 . 

2 

78 23 56*4 1 

+ 19*98 j 

2 

iF; S; ill; psbM 

1 
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SIE J. F. W. HERSCHEL’S CATALOaUE 


Korth Polar 
Distance 
for 

1860, Jan. 0. 

Annual 

Preoessiou 

in 

N.P.D. 

for 

1880. 

No. 

of 

Ohs. 

used. 

Summary Description from a 
Comparison of all the 
Obserrations, Eemarfa, &c. 

Total 
No. of 
tim^ 
ofObs. 
brh. 
ui*dH. 

39 1 19-4 

+ 19*98 

3 

cF;cS;R;p8bM 

4 

56 6 69-4 

19-98 

1? 

eF; R; gbM; 1st of 4 

1* 

75 27 32-4 

19-98 

3 

B; S; R; smbM* 

6 

80 40 29-4 

19-98 

1 

vF” ; vS ; suspected 

1 

69 27 58-4 

19-98 

1 

vF;vS;r 

1 

80 1 58-4 

19-98 ! 

1 

vF; r 

1 

41 43 58-4 

19-98 

2 

B; L; niE 25°+ 

2 

56 1 20*4 

19-98 

1 ;vF;K;2ndof4 

1 

19 49 57*4 

19-98 ^ 

1 ,F; pL;mEl05°+ 

1 

56 3 20-4 

19-98 I 

2 

vF; R; gbM; 3rd of 4 

2 

56 7 5-4 

19-98 

2 

vF; R;g!»M;4thof4 

2 

145 36 20-4 

19-98 

2 

vF; IE; 2st inv 

1 

68 35 58-4 

19-98 

1 vF;cL 

1 

68 49 39-4 

19-98 

I 

cF; S; iR; gbM; r; »7sp6' 

4 

1 117 8 33-7 

19-99 

2 

cF; vS; vlE; bM; vFf sf ... 

2 

106 4 52-7 

19-99 

2 

pB; L; iR; vgjtmbM 

3 

33 15 24-7 

19-99 

2 

pB;S;lE;pgbM 

3 

58 51 30-7 

19-99 

3 

pB; S; hM 

4 

100 10 27-7 

19-99 

2 

pB;pL; R;gbM; r 

4 

14 52 59-0 

20-00 ! 

1 

vF:S;R;bM 

1 

; 40 30 26-0 

[ 20-00 : 

1 

B; pL; K; nib.M 

2t 

! 29 48 43-0 , 

, 20-00 

2 

R: pL; iR; pgrabM; p of2 .. 

4 

j 29 47 51-0 

20-00 i 

1 

pF; pL; vlE; gbM; f of2,.. 

; 3 

j 40 30 59-0 

1 20-00 i 

1 

F; vS 

1 1 

j .54 11 35-0 

; 20-00 

3 

F; S; R; hM 

1 5 

1 33 8 26-0 

1 20-00 

4 

B; pL;lE; svmbM 

1 6 

, 62 46 31-0 

20-00 

1 

pB; R;smbM 

1 1 

' 62 11 4.1-0 

20-00 

5 

B;pL;tlE0°+;bMN 

i 8 

111 7 57-0 

20-00 

i 

pF; pL; r 

1 1 

; 63 5 50-0 

20-00 

2 

F; p8; IE; vgibM 

i 3 

1 126 44 21-0 

20-00 

2 

pB; cS; vlE; IbM 

1 2 

ins 32 27-0; 20-00 

1 

pB; S; R; mbM 

i 2 

! 40 48 0-0 

20-00 

1 

eF;pL... 

i 1 

1 90 19 7-0 

20-00 

1 

.■F;S;psbM 

! 1 

; 137 29 23-0 

20-00 

1 

Cl; vL;IC;st9...14 

i ® 

i 64 17 48-0 

20-00 

1; 

vF; S; p of 2 

i « 

i 62 44 0-3 

20-01 

3 

F;pL;R;ppbM 

! 4 

1 33 53 0-3 

20-01 

] 

!F;E 

1 1 

94 21 0-3 

20-01 

1 

leF; eS; bet 2 st 

I 

34 4 32-3 

20-01 

1 

|eF;K;gbM 

2 

37 23 43-3 

20-01 

1 

F; L; vmE; vgbM..... 

1 

82 38 55-3 

20-01 

3 

F; vS; R; IbM; *13 np 80". 

4 

146 24 8-3 

20-01 

5 

0; -1 S; R; blue; =*7m; 
P-5=d. 

6 

64 17 48-3 

20-01 

1 

Neb; f of 2 

1 

36 21 30-3 

20-01 

1 

pB; L; mE 

1 

34 8 32-3 

20-01 

1 

pF; S; R; pspmbM 

2 

39 1 0-3 

20-01 

1 

vF; vS.... 

1 

118 3 5-3 

20-01 

2 

B; pL; IE; ginbM; r; vS*sp 
inv. 

3 

39 8 0-3 

20-01 

1 

pB;S;iF;bM 

1 

j 67 19 48 

20-01 


vF; vS 

0 

1 67 12 20-3 

+ 20-01 

eF; eS; vlE; er; st nr 

4 


Sir.T H.’S|SirW.H.’s! 
jlogue.iCatdogues: Ola^ i Authorities. 
ofJNebula;. and^os. [ 


I Annual j 
Right I Precession 

Ascension in 
for I Bight 

I860, Jan. 0. ' Ascension 
i for 1880. 


973 

967 

973 


2539, 

2540 
j254i: 

•3542| 

|2543 

^ :::::: 

*2546' 974 

:2547j 

' 968 
12548' ■ 

975 

969 

12549, <( = 

976 
12550, 3358 
!2551: 

2552 


H. 

III. 833 


11.104 

111.104 
III. 387 
III. 103 

I. 201 


II. 881 


j2553, 3359 

\S554\I = 
i [3360 


977 


III. 372 
III. 388 
III. 828 


25551 

978 ; 

II. 785 

2556| 

980 

II. 723 

1 

r 9*‘V 


2557' 

1 = r 

II. 553 


1 3361 1 , 


2558 


III. 940 

25591 

982 ; 

II. 738 

256o; 

983 ' 

I. 248 

2561 i 

984 1 

II. 832 

2562' 


II. 739 

2563 

986 1 

II. 408 

2564' 

985 1 

I. 228 

2565 

987 


2566' 

988 ! 

I. 82 

2567| 

1 

III. 970 

2568 

989 1 

III. 321 

2569* 

3.162 i 


2570 

3363 1 

II. 864 

2571| 


III. 715 

25721 

990 1 


2573 

3364 


2574: 

991 

III. 341 

25751 

992 I 

II. 342 

2576; 


11.786 

2577i 


III. 113 

2578; 

993 

; 11.787 

2579' 

994 


2580, 

995 

III. 90 

258l| 

3365 


2582' 

996 


2583! 


11. 824 

2584i 

997 

II. 788 

2585! 


|1II. 716 

2586; 

3366 

I. 259 

2587' 


il. 82.5 

2588 



j2589 

998 

III. 379 


! , 


! 


II 38 34-3 > +3-218 

n 38 34-6| 3-152 

ill 38 35-6 
ill 38 36-0 1 
'll 38 37-2! 

III 38 37-6 i 
!ll .18 55-9' 
ill 38 56-4' 
ill 39 0-8 i 


3-102 

3-091 

3-116 

3-093 

3-202 

3-150 

3-391 


,11 39 1 - 4 , 3‘’50 

, i 

39 14-9: 3-149 


I 2 


,11 39 16-6 1 
ill 39 21-8 
'll 39 30-9 
,11 39 45-1 

ill 39 56-8: 3-040 i 2 


2- 903 ; 2 

3- 112 • 1 
3-116 j 1 
3-014 I 2 


ill 40 6-3 
ill 40 45-5 


3-238 1 2 
3-136 I 3 


111 40 53-3 3-053 ; 2 


i 1 

11 40 54-2: 

II 41 12-9' 
,11 41 18-7 
ill 41 29-7 i 

III 41 36-1 , 
.11 41 41*5: 
11 41 45-6' 
H 41 51-5 
11 41 53-3 i 
11 41 58-8! 
11 42 1-2; 
,11 42 1-4 i 
,11 42 9-2 i 
,11 42 11-91 
11 42 19-8! 
11 42 34-3; 
,11 42 42-2; 
ill 42 49-0, 
II 43 0-7 i 
ill 43 4-8; 
11 43 20-3- 
11 43 20-4 i 

II 43 20-5 i 
ill 43 23-9; 

III 43 33-5 I 

II 43 36-9! 
ill 43 37-1 i 
,11 43 47-7; 

III 43 57-8 


3-462 I 1 
3-192 i 1 
3-250 1 2 
3-248 ; 1 
3-189 I 1 
3-144 ; 3 
3-224 i 4 
3-123 ' 1 
3-124 ! 5 
3-564 : 1 
3-122 j 2 

2- 998 ; 2 

3- 019 ; 1 
3-185 I 1 
3-065 ; 1 

2- 967 ' 1 

3- 117 1(1) 
3-120 , 3 
3-209 , 1 
3-066 1 1 
3-206 ! 1 
3-190 i ] 
3-084 I 2 
2-934 ] 4 




3-115 
3-193 I 1 
3-203 1 

3-180 1 

3-025 J 2 


11 43 59-4; 

D’Arrest, 83 11 44 6 I 


3-189 
3-11 I 


ill 44 11-2 + 3-108 : 1 



OF xebtjlj: axd clustees of stars. 
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Ko. 

Eeferences to 

Right 

Annual 

Preeeasion 

No. 

1 Annual 

North Polar ' Pret^ssion 

No. 

SummarT Description from a 

Total 
No. of 

of 

Cata- Sir J. H.*8 
logue Catalogues 
ofSebulae. 

SirW. H.’s 
Classes 
and 1^03. 

Other 

Authorities. 

for 

1860. Jan. 0. 

lU 

Right 
Ascension 
for 18tK) 

Uised. 

for , N.PI>. 

1860, Jan. 0. 1 for 
i 1880. 
j 

used. 

Comparison of all the 
Observations, Remarks, &c. 

of Obs. 
by h, 
a+d H. 

h 

2590 999 

H. 

n. 740 


b in R 

11 44 24*7 

+ 3*170 

1 

40 31 56*6 ! +20*02 

1 

pF; S; R; pspmbM 

2 

2591 1000 

m. 616 


11 44 29*7 

3*139 

2 

61 13 20*6 20*02 

2 

icF; cL; iF; g}I*M; it6n5';*7f 

4 * 

2592 

in. 769 


11 44 39*8 

.3*182 

1 

37 16 0*6 . 20*02 

1 

eF;S 

1 

2593 


D* Arrest, 84 

11 44 49 

3*17 

[1] 

40 35 48 : 20*01 

[1] 

vF; vdiffie; H. 11. 740np ... 

0 

2594 1001 




11 45 8*9 

.3*124 

3 

56 48 50*6 I 20*02 

3 

ipF; S; IE; psbM 

3 

2595 3367 




11 45 19*8 

3*033 

1 

116 7 21*6 ; 20*02 

1 

kF; cL; vmE 59^-3 

1 

2596; 1003 

III. 389 


111 45 28*9' 

3*103 ' 

! 1 1 

68 35 6*6 ‘ 20*02 

; 1 

|vF;cS;R ! 

2 

25971 1002 

I. 203 


11 45 30*5 i 

.3*1.50 

2 1 

45 5 35*6 ! 20-02 

' 2 

IR; vL; R; bMpRN; er 

3t* 

2598; 

|2599; 1004 

III. 971 

in. 380 

i ! 

1 * 1 

11 45 31*1 ' 
11 45 34*2 

I 3*378 
3*103 

■ 1 ' 

1 

14 7 0*6 ' 20*02 
68 14 0*6 = 20*02 

i 1 

' 1 

ieF;vS;R 

IvF; cS; R 

1 

3 

26 OO 1 1005 

! I. 173 

i i 

11 45 .38*3 

3*132 

3 

52 13 50*6 ' 20*02 

1 3 

IvB; pL; R; smbM*9 

4 

2601 ; 1007 

i in. 322 


11 45 50*3 

3*111 

3 

1 63 0 39*6 ’ 20*02 

i 3 

ipF ; pS ; R ; psbM 

4 

2602 , 1006 

i 1. 251 


1 1 45 50*5 

! 3*211 

2 

I 28 33 14*6 ' 20*02 

; 2 

!B: pL; R; gmbM; r; 

3 

2603 ; 1008 

! n. 403 

1 

111 46 7*9 

' .3*101 

' 1 

i 68 28 0*6 j 20*02 

I 2 

lF;pS; iE; IbM; *p 

5 

2604 1009 

I. 202 


’ll 46 21*7 

3*155 

' 2 

i 41 21 59.9 ! 20*03 

; 2 

|CB; pL; pmE; vgb.Sl 

4* 

2605 1010 

III. 342 

i 

'll 46 22*4 

' 3*105 

1 

! 65 49 28*6 ' 20*02 

! 1 

!vF;cS; vlE 

2 

2606; 1011 

V. 45 

i 

111 46 27*4 

3*169 

1 

i 36 53 3*9 i 20*03 

! 1 

jcB; L; E0°+; vsbMLrN ... 

3+ 

2607 , 1012 

in. 612 


ill 46 28*1 

! 3*068 

: 2 

1 93 13 23*9 i 20*03 

I 2 

jcF; cS; IE 90°+; bM; r ... 

! ^ 


12608 ]013 HI. 3Kl > 11 46 30-0 : 3-101 ! 1 I 68 20 44-9 j 20*03 ; 1 !eF: R 1 2* 

;2609' ,11. 623 i ;11 46 53*7; 3*043 ■ 2 ; 112 24 0*9; 20*03 i 2 jcF; S; E 1/0"“ + ; lbs i 2 

!2610 3368 ! III. 290 1 Ill 46 56*8' 3*04?! 1 1094729*9! 20*03! 1 icF; pL; pmE 56°*8 | 2 

|2611 II. 294 I 11 46 58*4 1 3*048! 1 i 108 47 0*9! 20*03’ 1 ;F: S; E; r 1 

2612 1014 11.833! 47 1*8 1 3*188 2 .30 51 20*9; 20 03' 2 pF; pS; pmE; vgbM 3 

12613 1015 IV. 67: 'll 47 27-9 3*184! 2 ' 30 43 51-9 ! 20*03 2 jpF; cL; K ; vg, sbM I 3 

12614 3369 ' 1 A. 349 11 47 29*31 2*976 : 1 :: 144 56 21*9 I 20*03 1 ICl; pL: pRi; gplmbM; st 13 3 

12615 111.905! :il 47 31*4 3*254! 1 ; 1954 0*9 20*03 1 leF; vS 1 

2616 3370 1. 67' 11 47 32*4, 3*056! 2 : 103 11 30*9! 20*03; 2 ;cB; pL; iR; gmbM; A2.st... 6 

9617' 1016 ^ n i7 ! 2 fin «;7 u.q i SO-Oa i 2 ivF: S: E: *10nfatt 3 


26)8 


11. 789 


11 

48 

4*2 

3*lfifi 

1 

33 

51 

0:9 

20*03 1 

ipB ; E 

1 

12619 


n. 790 


'll 

■18 

4*2 

.3*166 

1 

33 

54 

0*9 

20*03 ' 1 

I ’F; S 

1 i 

I262O' 

1017 

IV. 62 


11 

48 

6*5 

3*165 

1 

34 

6 

0*9 

20*03 ! 1 

IB; pL; R; g,pbM disc 

2 i 

12621 

1018 

11. 162 


111 

48 

16*5 

3*086 

2 

77 

15 16*9 

20*03 ■ 2 

'pB; L; iR: bM; #10,25=, 5' 

4 1 

12622 

1018, r; 



11 

48 




X7 

1 5 



Inf h. 1018 

0 1 

12623 

1020' 



11 

48 

189 

.3*060 

1 

101 

15 

54*9 

20*03 ' 1 

F;S;R;psbM;pof2 

1 1 

2624 

1019 

n, 724 


11 

48 

20*0 

3*109 

1 

59 

13 39*9 

20*03 1 

ipF; vS; R ; bM 


2625' 

1021 



Tl 



.3*06 n 

1 

101 

10 

44*9 

20*03 1 

ivF; S; R; bM; f of 2 

1 

2626 

1022 

n. 132 


11 

48 45*9 

•+079 

3 

82 

28 

4*2 

20*04 ' 3 

B; pL; cE 30=; vsmbMN ... 

4 

|2627' 

1023 

n. 840 


11 

48 

54*9 

3*178 

2 

28 

42 

30*2 

20*04 2 

;cF;S;lE; bM; #8, 90^ 6'... 

3 

;2628, 


111. 274 


11 

49 

3*7 

3*052 

1 

109 

7 

1*2 

20-04 1 

.vF:pL:iF 

1 

12629! 

1024 

in. 343 


11 

49 

10*1 

.3*098 

1 

65 

20 

55*2 

20-04 1 

ieF:cS; R;psbM 

2 

2630 

1026 



111 

49 

23*3 

3*104 

1 

60 

13 

26*2 

20*04 1 

ieF; 8: R:bM 

1 

2631 

1025 

in. 707 



11 

49 

23*7 

3*136 

1 

40 

52 

57*2 

20-04 1 

IvF; cS; another suspected ... 

3 

2632 

1027 



ill 

49 

30*3 

3*107 

3 

57 

11 

59'2 

20*04 3 

jpF: S: pmE 90= + ; #11 nr... 

1 

2633 

1028 



1 1 

50 

9*6 

3*1 no 

1 

61 



20 04 1 

IvF; S: R; bM#; pof 2 

2 

26.34' 

1029 

n. 791 



111 

50 

14*3 

.3*147 

1 

33 

46 

31*2 

20-04 1 

ipF; S; lE:pslbM' 

2 

26351 

1030 

IV. 61 


ill 

50 

15*6 

3*142 

i 1 

1 35 

50 

34*2 

20*04 1 

IcB; vL; pniE; sbMRrN 

1 3 

2636, 

10,32 ! 



111 

50 

34*2 

3*085 

1 3 

74 

55 

29*2 

20*04 2 

'vF;pL;R;2stf 

i 3 

2637! 

1031 ! 

; 1.229 


ill 

50 

34*3 

3*145 

! 1 

33 46 

21*2 

20*04 1 

cB; pS; R ; vg, smbM 

1 2 j 

2638 1 

1 1 







1 





i 

1 ! 

2639i 

W 033,0.1 

1 

Ri 3 novae 

11 

50 

+ 


i - ^ 

63 

57 

+ 

i 

lone S. R: the other two E ... 

1 0 I 

2640j ' 

I 1 



! 









1 

1 

2641, 

1033 

1 III. 323 


,11 

50 

36*1 

3095 

1 

63 57 

34*2 

20*04 ! 1 

IpF; vS; E 25=bet 2st | 

2 

2642 

1040, 0 


R. nova 

ill 

50 44*7 

3*121 


41 

54 

13*2 

20*04 ; :: 

iS;R:7' nph. 1040 

0 

2643 

1034 

III. 344 


111 

60 

45*6 

3*093 

i 

66 

0 

39*2 

j 20*04 ; 1 

IvF; vS; R: nof2 

2 

2644 

1035 

III, .345 


ill 

50 


3*093 

1 

66 

4 

59*2 

! 20*04 1 1 

vF; vS; K ; s of 2 

2 

2645 

1036 

111. .354? 


111 

50 52*9 

3*097 

2 i 

61 

20 


1 20*04 ; 2 

F- vS; If ; #12near 

3 

2646 


in. 324 


ill 

50 

53*4 

3*095 

1 

63 

53 

51*2 

1 20*04 1 

ieF; suspected 

1 

2647 

1037 







1 




®'0*04 1 I 

Ip- 8 - R- bM; #llnf 

1 

2648 


in. 325 





0 




2*2 


c F ' ^ 

1 

2649 

1038 

n. 368 


11 1 
Ij ] 



i 3*087 

4 

61 


33*2 

SU ‘ 1 

20*04 ' 3 

ipH’ p 8 : R; psbM; r 

5 

2650; 

1039 




51 

4*6 

0 wy/ 

+ 3*097 

1 

61 

)0 

±? 

+ 20*04 ! 0 

vP;mE;mbM(?P.D.) 1 

1* 
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SIR J. F. W. HERSCHEL’S CATALOGUE 


Ifo. i 

Eefereuces to 

Annual 

Precessioa 

No. 

JftMrdi Poiw 

Annual 

Preoeseion 

Sutnuiary I)(.«cnption from a 

Total 
Ko. of 

CiUa- Sir J. E.'a 
logue., Catalogues 
jof Nebui®. 

Sir W. H.’s 
Classes 
and Kos. 

Other 1 n 

Authonto. j 1800. Jan. 0. 

j 

in 

Eight 
A^nsion 
for 1880. 

ObB. 

used. 

fits* 

1860, Jan. 0. 

N.P.D. 

for 

1880. 

' Coiuparison of aU the 

1 Observations, Eomarks, &r, 

used. 

1 

of Obs. 
by li. 
and H. 

i h 

H. 

i h m 8 
Ill 61 14-4 

s 

+3*121 

1 

41 59 10*2 

+ 20*04 

1 |F; pL; mEj vglbM 

1 

3652 1041 

11. 733 

ill 51 19-2 

3-116 

2 

45 17 9-2 

20*04 

2 jB;cL;inE62°*3;vsvmbM*10 

3*t 

3653 1043 


'll 51 24*9 

3*086 

2 

73 2 32*2 

20*04 

2 ipB; pS; R; pabM 

2* 

2854; 1043,0 
“2fi5n 1 043 

II. 369 

R.nova |ll 51 33 
11 51 33‘0 

3*095 

3*095 

(1) 

61 39 50 

61 44 50*2 

20*04 

20*04 

: jvF 

2 ;F;L; E;gbfM 

0 

4 



'll 61 42*8 

3*083 

'] 

75 0 46*2 

20*04 

1 !eF;*9^«f5' 

1 

26o7| 1045 

11. 725 

;il 51 43-9 

3*097 

1 

58 47 57*5 

20*05 

1 ipB; pL; E ]9'''5,* biN ...... 

2 

8658' 

11. 295 

ill 51 56*2 

3*059 

1 

107 35 2*5 

20*05 

1 :F;vS;iF;bM 

1 

2659 1046 

111.617 

[11 51 57*7 

3104 

1 

51 24 .39*5 

20*05 

1 ;eF:pL:K 

3 

3660, 1047 

1. 223 

ill 52 6*8 

! 

3*122 

1 

38 15 44*5 

20*05 

1* jvB; cL; thE I60°+ ; 
j vsvmbMBN. 

3 

2661 3371 

11. 296 

11 52 23*1 

3*059 

1 

108 29 25*5 

20*05 

1 0; pF; pL; U; rr; St 16 ... 

2 

2662 : 

III. 3 

ill 52 45*0 

3*083 

2 

73 0 1*5 

20*05 

2 ivF;vS;vlE;r 

2 

2663 1048 

1.121 

,11 53 12*3 

3*072 

2 

90 19 7-5 

20*05 

2 ;(*B ; L : vlE ; psmbM ; B st nr 

4 

2664' 1049 

11. 404 
IL 508 

Ill 53 21*0 

Ill 53 21*4 

3*084 

3*062 

6 

1 

69 8 34*5 
107 3 2*5 

20*05 

6 ,pF;pL; R;ghM;f 12nf... 
1 ;pB;S;lK;bM 

7 

1 

26661 

la 903 

Ill 53 45*4 

3*155 

1 

19 52 1*5 

20*05 

1 ifcF; S; iF; gvlbM 


2667i 3372 

la 279 

11 53 50*5 

3*064 

J 

105 10 13-5 

20*05 

1 jeF; pL; *945^ + 

2 

2668j 1050 

1.253 

11 54 12*4 

.3*125 

1 

27 19 59*5 

20*05 

, f H. vb; vL; E 1 
^ ;\h. pB;25"; R/ 

2* 

2669 . 1051 

la 77 

11 64 13*1 

3*079 

2 

75 49 13*5 

20*05 

2 ;eF;pL;R;r 

3 

2670 ; 1052 
2671 ' 1053 

IV. 28-1 

11 54 43*7 

3*064 

1 

108 5 11*5 

20*05 

1 ;pB;cL; R; vgbM 

2t 

IV. 28-2 

11 34 43*7 

3064 

1 

108 7 11*5 

20*05 

1 ipFjpL 

2t 

2672 ! 1054 

I. 252 

11 54 58*6 

3*117 

2 

27 5 10*5 

20*05 

2 IB; cL; R; g, psvnibMrN ... 

3 

2673 ; 1055 

...... 

11 55 10-9 

3*074 

1 

84 62 38*5 

20*05 

2 ipF; S; R; psbM; J 130^ ... 

2 

2674 , 1056 

111.401 

ill 55 18*9 

3*072 

1 


20*05 

1 :cF;cS;R;b.M 

3 

2675 , 1057 

a 276 

11 55 32*9 

3*072 

1 

87 14 48*5 

20*05 

I ipF:L;R;sbM; 

4 

126761 1053 j 

a 741 

11 55 36*5 

3*095 

1 

40 35 7*5 

20*05 

1 ipB; pS; R 

2 

|2677' 1059 



;il 55 38*9 

3*079 , 

2 

, 71 12 12*5 

i 20*05 

■ 2 |vF; R; psbM 

2 

| 2678 j 1060 
12670 ' 

III. 390 
II 509 1 

Ill 55 41*8 

'll 55 47*7 I 

3*079 ; 

1 3*066 : 

1 

1 

, 70 28 21*5 1 
105 36 2*5 

20*05 

20*05 

, 3 eF;pS;R;g!bM 

! 1 ;F;cL;.R;lbM 

4 

1 

12680, 1061 
1268 1; 3373 

IV. 56 ! 

' :il 55 58*3 i 

ill 55 59*6 

1 3*089 i 

, 3*039 

4 

1 1 

, 44 41 .3*5 1 

152 24 13*5 

20*05 

20*05 

4 |B ; vL ; E ; vg, vsmbM * 1 1 ... 
1 |Cl;pRi;lC 

3t 

1 

'268^'’' 



Ill 794 1 

’ll .56 8*6 

! 3*099 j 

i 1 

31 18 2*5 

20*05 

1 ,fcF; S 

1 

!2683; 1062 

i 

11 56 32*1 1 

1 3*078 

1 

68 10 1*5 j 

, 20-05 

l?,pB. P.D. very doubtful ... 

1* 

'2684; 1063 ; 

1 

11 36 36*61 

i 3*078 j 

1:: 

, 68 *8 1*5 

i 20*05 

, l?;pB, P.D. very doubtful ...^ 

1* 

[2685,’ 1064 1 


11 56 40*6; 

3*078 j 

i::, 

I 67 55 1*5 

20*05 

1 l?,pB. P.D, very doubtful ... 

1 * 

'26s6j 1065 ! 


.*..... '11 56 51*4; 

3*077 1 

3 

. 68 39 39*5 

20*05 

I 3 vP; S; R; D neb pos 70 ^ ...; 

3 * 

2687 1066 1 

1.174 ‘ 

11 56 53*2 1 

3*080 i 

4 

, 57 19 32*5 

20*05 

4 ipB; vL; mE 97'; vgbM. 

5 

j2688; i 


D’Arrest, 85 H 06 57 ' 

.3*07 1 

Cl] 

, 70 46 42 

20*06 

i[]] 'B;E;gbM *17p, 82" dist..: 

0 

i2689| 1067 


'll 56 57*5 i 

3-077 i 

2 , 

68 59 58*5 

20*05 ; 

1 2 ipF; R 

, 2* 

12690; 1068 ; 

j 

ill .56 59*7 1 

3*076 1 

4 

! 68 51 54*5 

20*05 j 

i 4 ipB i 

4 * 

12691 '; 1069 
12692 ' 

III. 37 1 

II, 781 

,11 57 1*0 i 

;il .57 1*6 1 

3*074 j 
3*087 i 

5 , 
2 : 

1 7B 21 53*5 

1 36 40 2*5 

20*05 i 
20*05 

i 5 ;F; pS; R;gbM ..i 

j 2 pF; S; stellar ' 

; 6 

I ^ 

i2693j 1070 1 

111.392 j 

jll 57 1*7 i 

3*076 

1 j 

68 53 38*5 

20*05 ’ 

I 1 v'F;vS : 

2 # 

12694 1071 

III. 391 : 

11 57 2*0! 

3*076 

2 i 

68 49 13*5 

20*05 

2 F; vS 

' 2 * 

2695 , 3374 


ill 57 4*9' 

3*046 

1 

1156 31 32*5 

20*05 

1 vF; vS; R; bM#; am St ...! 

i 1 

2696 ' 1072 

' a 277 1 

Ill 57 17*2 

3*072 

4 i 

1 87 19 26*5 

20*05 

4 F; pS; R; pgbM; np of 2 ...i 

! 7 

2697j 1073 

III. 393 , 

ill 67 20*8: 

3*076 

1 i 

68 64 1*5 

20*05 

i 1 |eF;vS. 

1 2* 

3698; 1074 
12699 ; 1075 

1 III, 394 ! 

ill 57 20*9 

jll 67 24*7 

3*072 

3*076 

1 1 

1 

1 87 9 S-5 
j 69 3 31*8 

20*06 

20*06 

1 1 |F; S; R i 

1 I vF;vS 

1 

2 * 

■ 2700 ; 1076 
12701' 

j la 258 ! 
1111.395 

ill 57 29*5 

' . . 11 57 32*3 

1 3*072 

; 3*075 1 

! 1 

i 2 ? 

, 87 26 4*8 

I 69 7 1*8 

i 20*06 

1 20*06 

1 1 icF;c.S;vlE;bM;sfof2 ... 

! 2? vF;vS 

3 

1* 

!2702i 

12703 ; 1077 

j UI. 396 
i 

i |ll 57 32-3 

! 1 1 57 38*1 

. 3*075 

' 3*072 1 

ir 

: 69 7 1*8 
! 91 36 8*8 ; 

! 20*06 

1 20*06 

1 2? ;vF; vS 

i I IF; L; R; *10 n 60 " 

1* 
i 1 

2704; 1078 1 

3705 ; 

1 la 355 
! 

i ill 57 42*0 

1 DAm;st,86 11 58 13 

; 3*076 i 
1 3*08 1 

4 

[ 1 ] 

1 

i 62 13 27-8 

1 38 54 7 

1 20*06 
20*06 

i 4 !cF;pS;E;gbM 

![1]!F;1E;I. 206nr 

5 

2706 ' 3375 

1 HI. 754 

: ill 58 24*4 

3*070 i 

[115 44 43*8 

20*06 

i 1 ipB;S;R;bM 

‘ 2 

2707j 

I. 224 

jll 58 40*3 

: 3*074 i 

2 

, 38 36 2*8 

20*06 

i 2 jB; pL; praE; vsbM 

; 2 

37 OS 1 

12709; 3376 ; 

! 1. 206 



[11 68 42*2 

! jll 58 44*2 

3*074 ; 

+ 3*072 

3 

1 ' 

j 38 42 22*8 
103 45 28*8 

20*06 
j +20*06 

I 3 B;cL;pmEl35^+;lbM...i 
1 1 jeF;L;praE; vgbM;2stllnr 

1 3 
! 1 
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i 





i 


i 

No i 

Reierenoes to | 


Pteorasion 1 

No. 

North Polar j 

Precession I 

No ■ 

of j ~7 


Asomsion 

in ! 

of 

Distance 

in ! 

of 


3irW.H.'s 


for 

Eight 1 

Obs. 

for 


N.p.D : 

Obs. 

iOffiMs., Catalogues ' 

Classes 

Authorities, 1 

Ascension ' 

used. 

1860, Jan. 0. 

for I 

used 

lof Nebulae.' 

1 1 

and Nos 

i 


for 188<). 

i 




188f) i 



i E 

H. 

1 h 

m 8 

& 






2710 1079 

III. 382 

Ill 

58 45-3 

+ 3 072 ' 

1 

68 38 

1*8 

+2006 

2 ' 

27nj 1081 

I. 207 

ill 

58 51*9 

3*072 • 

1 

41 44 

34*8 

20*06 

1 

2712; 1080 

111.400 

Ill 

58 63-1 

3*072 

2 

52 21 

4*8 

20*06 

2 

2713 1082 

111.383 

11 

58 54-0 

3*072 ' 

2 

68 36 

5*8 

20*06 

3 


Hi. 384 

,11 


3*072 : 

1 

68 35 

2*8 

20*06 

1 

2715' 1084 

111.717 

jll 

58 59*8 

3*072 i 

1 

39 38 

47*8 

20*06 

> 

2716’ 1083 

111, .126 

ill 

59 0-1 

3*072 

2 

63 39 

44*8 

20*06 

2 

2717, 1085 

1.225 

'll 

.59 15-4 

3*070 

1 

36 30 

34*8 

20*06 

1 

2718; 3377 


A. 291 ill 

59 28*0 

3*077 

3 

150 27 

56*8 

20*06 

3 

2719' 10s6 

il 370 

Ill 

59 28-8 

3*070 

6 

61 2 

37-8 

20*06 

6 

2720 3378 

11. 865 

Ill 

59 29-4 

3*074 

2 

119 0 

26*8 

20*06 

2 

2721' 3379 

11.866 

11 

69 34*4 

3*074 

2 

119 0 

41*8 

20*06 

2 

2722 1087 


Ill 

59 39*8 

3*062 

1 

22 3 

42*8 

20*06 

1 

272.1* 1088 

1.195 

ill 

59 52-9 

3*067 

2 

46 9 26*8 

20*06 

3 

2724 3380 


'] 1 

69 55-8 

3*077 

2 

129 25 

18*8 

20*06 


2725 1089 


12 

0 0-5 

3*068 

1 

55 13 46*8 

20*06 

1 

272G; 3381 

111.633 

12 

0 0*9 

3*074 

1 

103 24 

23*8 

20*06 


,2727 1 090 


112 

0 1-7 

3*070 

1 

74 49 

13*8 

20*06 

1 

■2728 1092, « 


R. nova ;12 

0 19*8 

3*072 


86 30 

33*5 

20*06 

... 

W29' 1091 

111. 708 

'12 

0 26-9 

3*064 

1:: 

46 12 

1*8 

20*06 

1:: 

j2730' 

ri. 14 

12 

0 42-1 

3*070 

1 

79 41 

2*5 

20*05 

1 

!2731' 

HI 904 

12 

0 56-3 

3*040 

1 

19 38 

2*5 

20*05 

1 

12732 ] 093 


12 

0 59-2 

3*064 

1 

56 13 


20*05 

1 

'2733 1092 

V. 4 

il2 

0 59-4 

3*072 


86 20 

.19*5 

20*05 

2 


fl, 33-] 

1 








!2734 1094 

< = 

,12 

1 1-2 

3*070 

0 

78 50 

.16*5 

20*05 

3 

1 i 

i H.60 ] 









I2735 

j 


Au«.N. 2b 12 

1 3*1 

, 3*045 


24 2 

50*6 

20*05 

i 

2736’ 1095 

IH. 68 

1I2 

1 28-2 

3*067 ■ 

1 

73 5 

11*5 

20*05 

! , 

'2737' 1096 

1.279 

:i2 

1 29-2 

■ 3*005 

2 

12 25 

10*5 

20*05 

! 2 

2738 

1. 263 

i ;12 

1 33-2 

' 3*032 

1 

20 25 

2*5 

20*05 

! 1 

1 ri097l , 


* 1 








2739 = > 

11. 548 

' 12 

1 42-3 

1 3*074 

3 

98 15 

19-5 

20*05 

3 

, 1^3382 j 


i i 






I 

1 

2740 1098 

HI. 356 

12 

1 47-9 

: 3*063 

! 2 

59 56 

7*5 

I 20*05 

' 2 

2741 1099 

111.357 

! :i2 

1 52-9 

: 3*06.1 

3 

59 58 

57-5 

20*05 

; 3 

2742 1100 

, 1.278 

i '12 

1 59-4 

3*003 

2 

14 19 

20*5 

! 20*05 

2 

2743; 1101 

11.371 

; -12 

2 1-4 

! 3*062 

2 

60 3 

7*5 

! 20*05 

; 0 

2744; 1108 

, 11,321 

- il2 

2 6*7 

j 3*061 

i 1 

59 18 

5*5 

I 20*05 

1 

2745 

' 1.196 

i '12 

2 23-2 

; 3*053 

' 2 

45 32 

32*5 

I 20*05 

; 0 

2746; 1102 

111.795 

' 12 

2 29-8 

' 3*037 

1 

1 30 22 

0*6 

I 20*05 

: 1 

2747' 1103 

111.814 

' il2 

2 31*4 

' 3*044 

. 1 

1 36 6 

6*5 

I 20-05 

' 1 

2748 1104 

’ IV. 54 

' *12 

2 43*5 

' 3*051 

■ 1:: 

: 46 44 

3*5 

i 20*05 

, i 

2749: 1107 

11.747 

1 !i 2 

2 54*1 

3*047 

2 

' 42 46 

19-5 

* 20*05 

‘ 2 

27501 1105 

i 1.169 

1 ;12 

2 54-5 

i 3*053 

1 1 

’ 49 20 

37*5 

I 20*05 

1 1 

275 li im.a 


j R.nova 112 

2 + 

1 

1 ... 

! 70 40 

+ 

I 


2752' 1106 

i E 19 

; :12 

2 55-5 

i 3*064 

) 3 

1 70 40 

17*5 

! 20*05 

’ 3 

2753' 

I HI. 327 

! 112 

2 56*8 

1 3*060 

i 1 

i 62 48 

+.T 

! 20*05 

; 1 

2754; 1109 

1 H.802 

! *12 

3 22*6 

! 3*030 

j 1 

: 30 56 

1.1*5 

20*05 

; 1 

2755! 1110 

1 I. 73 

il2 

3 26*7 

; 3*057 

I 1 

1 58 49 

5*5 

20*05 

; 1 

2756' 1111 

i 1. 165 

;i2 

3 27-0 

1 3*050 

i 2 

i 49 49 31*5 

20*05 

' 2 

2757I 1112 

' IE 83 

12 

a 28-7 

1 3*064 

i 3 

! 73 11 

28*5 

20*05 

1 3 

2758 * ...... 

i 1. 11 

12 

3 36*9 

j 3*063 

! 1 

1 70 52 

2*5 

20*05 

I 1 

27591 

' in. 845 

12 

3 42*6 

! 3*026 

i 1 

1 30 53 

2*5 

20*05 

1 1 

2760| 1113 

i 11.642 

12 

3 46*5 

1 3*049 

2: 

49 45 

45*5 

20*05 

1 0. 

2761| 1114 

i 1. 208 

12 

4 0*9 

' 3*036 

1 

1 38 43 

54*5 

20*05 

1 1 

2762I 1115 

1 1L405 

12 

4 4*2 

j 3*061 

1 

: 69 2 

58*5 

20*05 

1 

2763; 1116 

; III. 941 

12 

4 4*7 

i 2*945 

1 

: 13 5 

48*5 

20*05 

I 1 

27641 

' 11.803 

12 

4 39*4 

! +3*018 

0 

' 31 27 

2*5 

+ 20*05 

I 2 


Summary Description from a 
Comparison of all the 
Obsen'ationSj Remarks, &c. 


,F; S; vlE; glbM; 3Bstnr... 
ieF 


F; suspected 

look-shaped; h, II 
ijf45'; 14'dist. 


cF:vL;E90^±;bM #16... 


... 'pB; pL; cK; mbMN(Hmd. 0 
: Jan. 5. 1850). ! 

1 a-F; S; K; pslbM;bet2vSst 2 

2 F; pL; vlE;gib.M ' 4 

1 cB;lE;bM ' 1 

3 ;F; pL; pmE 95"+ ; vglbM ; 4 

2 'cF; S; R; 1st of 3 i 3 

3 cF; S; iR: 2ud of 3 4 

2 'pB; cL ; R : cmbM 3 

2 'nF;pL; iE;'3rdof3, 4 

1 .F; vL; vgUilAI 3 

2 B‘. pL; IE; vgbM; # np ' 2 

1 bF;pS;lE;gbM;r ' 3 

1 oF;S;iF;vglbM;er i 2* 

1 'cB; R; vg. vsbMN i 2 

2 pF; cL; vmE 109''0; vgbM..’ 3 

1 !B;%L;vglbM ; 2 

... (S; prec h. 1106 0 

3 !0; vB; pL; R; gb3I; rrr ... 4 

1 ivF; pS 1 

1 iF;S;E ^ 

1 'B; S; R ; pgiiibM 3 

2 !vB; S; K; vsiiihMBX; p of 2 4+ 

3 idB ; pL ; R ; pgmb.M ; r ...... j 4 

1 lB;pL;E;bM I 1 

1 vF;S;E90'> ! 1 

2: !oF: S; E: vghM; f of 2 4t 

1 ipF; cL; \uiE 60'+ 4 

1 :'F; [kS: !E; bM; pB# nf,.....' 3 

1 ),F;pS; R; A2st • 2 

2 ,F; S; R 2 
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SIE J. r. W. HEESCHEL’S CATALOGUE . 


Eeferem^ to 

Eight 

Ascension 

for 

1860, Jan. 0 

Annual j 
Recession 1 No. 
in 1 of 
Eight i Obs. 
Ascension i used, 
for 1880. j 

North Polar 
Distance 
for 

1860, Jan. 0. 

Annual 

Precession 

in 

S.P.D. 

for 

1880, 

No. 

of 

Obs. 

used. 

Sir J H.’s 
Catalogiies 
of Nebula. 

SirW. H.'8 
Classes 
and Nos. 

Other 

Authorities, 

h. 

H. 



m s 

s ! 






1117 

II. 353 

12 

4 46*9 

+ 3*057 1 

1 

65 5 

49*5 

+ 20*05 

1 


III. 399 

12 

4 56*4 

3*046 ; 

2 

53 2 

2*5 

20*05 

2 

1118 


12 

5 4*5 

3*045 i 

1 

52 43 

3*5 

20*05 

1 

1119 

. .. 

II. 105 

12 

5 8*6 

3*063 i 

1 

76 1 

5*5 

20*05 


1120 

III. 358 

'12 

5 14*5 

3*051 

2 

60 3 

17'5 

20*05 

2 

1123 

II. 792 


12 

5 16*6 

3*016 : 

1 

33 2 

38*5 

20*05 

1 

1121 

11.372 


12 

5 17*2 

3*051 , 

a 

60 0 

1*5 

20*05 

1:: 

1122 

III 359 

;12 

5 18*7 

3051 ! 

2 

60 5 

31*5 

20*05 

2 

1124 

III. 360 

12 

5 27*2 

3*050 ; 

2 

60 3 

31*5 

20*05 

2 

3383 

III. 534 

12 

5 30*9 

3*081 

I 

103 14 

38*5 

20*05 

1 

1125 


12 

5 35*2 

2*993 

1 

78 22 

7*5 

20*05 


1126 

i. 9 


12 

5 42*9 

3*070 • 

1 

87 55 

28*5 

20*03 

1 

1127 

II. 133 


12 

5 63*0 

3*067 ; 

3 

82 11 

3*5 

' 20*05 i 

1 3 


III. 777 


12 

6 4*8 

3*016 1 

i 

36 20 

2*5 

1 20*05 

! 1 

1128 

III 697 


12 

6 13*1 

3*031 : 

2 

45 32 

36*5 

: 20*05 

i 2 ' 

3384 i 



12 

6 14*4 

3*152 : 

1 

151 56 

12*2 

> 20*04 

1 ; 

1129 

1 11.373 


12 

6 15*1 

3*048 

3 

60 42 

57-2 

i 20*04 

3 , 


, 11.813 ' 

12 

6 28*8 

3*018 , 

1 

38 30 

2*2 

! 20*04 

1 

; 1131 

! 11.106 

12 

6 38*7 

: 3*06 1 ; 

1 i 

1 75 48 

11*2 

i 20*04 

i 1 ; 

, 1133 

! 11.409 

12 

6 39*4 

3*038 ! 

1 ' 

' 52 35 

28*2 

' 20*04 

: 1 : 

1130 


12 

6 39*6 

3*066 , 

4 

; 82 1 

3*2 

20*04 

' 4 

: 1132 


M.98 

12 

6 40*0 

3*06o I 

3 

1 74 19 

1-2 

. 20*04 

1 4 ; 

; 1134 

: 11.163 

;i2 

6 44*6 

3*061 ‘ 

1 

i 76 3 

5*2 

20*04 

1 

1135 

, 11.867 

13 

7 6*6 

3*004 ; 

1 

; 34 40 

46*2 

■ 20*04 

i 1 


; in. 796 

12 

7 8*8 

2*988 , 

1 

1 29 34 

2*2 

, 20*04 

^ 1 

1136 

, 11.374 

12 

7 26*4 

3*045 ■ 

4 

: 60 48 

15*2 

20*04 

4 

: 1137 

11.134 

12 

7 28*5 

3*066 : 

I ! 

83 24 

54*2 

: 20*04 

, 1 

: 1139 

11.793 

12 

7 29-7 

2*997 : 

I 1 

33 12 

18*2 

; 20*04 

! 1 


III. 797 

12 

7 32*0 

2*9»3 , 

2 

! 29 16 

2*2 

: 20*04 

0 

! 

' 1138 

: 11.164 


7 32*7 

3*061 ' 

2 

i 77 3 

13*2 

i 20*04 

' ^ 


2766' 


j Summary Description from a 
'' Comparison of all the 


;B;L; iE; 1>M.. 


Total I 
No. of 
times 
jof Obs. 
by 1 l 
and H. 


iF; pL; R; vgbM; % sp 
!pB; pL; iF; psbM; r; » inv / 

iF; S; 1st of 4 

iF;S;lE;gbM 


12782 


2789’ 


2793 


2795; 

2796 1140 

2797 1141 

2798 

2799 1142 


11.165 

! 1.175 
! in. 397 


,vF; vL; E 45° + ; #7 f ’ 

i[)B; pS; pniE 135°+ ; bMK 1 

pF; S; iE0^+; r i 

tiF; -S; stellar ; 

vF; cL; inE 170 °+ .,..i 


pB:ii;lE 

;F; L; IE; \gihM; r ‘ 

icF: pS; K ; vglbM; r 

F: H; bM; near 

B; vL; vmE 152'*1 ; vsvnibM 

vF; pL; E; vgbM ' 

pB; vS; vsbM *12 

fF : 

pB; S; R; vsmbM^if ! 

pF; psuE; VgbM ' 

pF;pS;lE;gbM : 

vF;S ! 

H. vaiE 


2 

2 

1 

3 

4 
2 

4* i 

4 i 

4^ ’ 
2 

2 , 

5 ; 

5 

1 , 


2 cF; 


II. 107 


;12 

12 

12 

D’ Arrest, 87 12 
12 


7 44-7 

8 1-5. 
8 8-0 
8 9 

8 19-4. 


3*060 

3*037 

3*051 

2*96 

3*058 


76 4 2*2 
56 1 26*2 

68 33 36*2 , 
25 2.5 42 
75 19 25*2 


20*04 

20*04 

20*04 

20*04 

20*04 


f H. vaiE 1 
f li. R, 2 obs. j 


li. R, 2 obs. 
F ; vmE 
vB; S; R ; psinbM 
F; cL; iR; vgbM 


IbM 


n j pB; pS; R; *12 f; In 

"1 vF;pL;R;gbM i 


2801 

1143 1 

in. 850 

12 

8 23-4 

2*945 ; 

1 

23 14 29*2 

20*04 

1 ,pF;pS:R;vgbM 

2 ! 

2802 

1144 I 

II. 108 

12 

8 31*3 

3057 

2 

75 19 1*2 

20*04 

2 

B; L; E 90 + ; g, sbM; r ... 

3 

2803 

1145 I 

11. 354 

12 

8 31*6 ; 

3*047 ; 

1 

65 13 59*2 , 

20*04 

1 |CF ; vii; R 

2 

2804 

1146 

I. 95 

12 

8 .36*0 

3*030 : 

1 

52 54 3*2 ' 

20*04 

1 jcB; cL; lE; biN 

3t ; 

2805 

1147 

II. 135 

12 

8 44*8 , 

3*065 

3 

82 49 9*2 

20*04 

3 

B; piS; E; sbM *11 

4 

2806 

1148 

I. 35 

12 

8 46*7 

3*058 : 

2 

76 4 2*2 

20*04 

3 

vB; vL; vmE 17“+ ; sbMN 

5t 

2807 

1149 

II. 748 

12 

8 49*1 i 

3*009 ■ 

4 

42 8 55*2 

20*04 

5 

pF ; L ; ffiE 45''*0 ; J 11, p of 2 

6t 



III. 718 




1 

41 5 2*2 

20*04 

1 

vF; vS 

1 

2809 

3385 

12 

9 7*3 

3*126 ; 

4 

132 32 44*2 

20*04 

4 

pF; pL; pmE; vglbM 

4 

2810 

11.50 


12 

9 9*1 

2*931 

1 

22 59 24*2 

20*04 

1 

pB; S; R; psbM 

1 

[2811 

1151 

1. 209 

12 

9 12*9 

3*005 

1 

41 20 34*2 

20*04 

1 

cB; pL; pinE i34"^*4; psb.M.. 

3 

12812 

1152 

II. 137 

!12 

9 17*5' 

3*065 

1:: 

82 31 31*9 

20*03 

1 

pF;pL;R;r(? R.A. 10“)... 

3 

12813: 

1153 

11.136 

! ;i2 

9 21*7 ■■ 

3*063 

2 

81 45 38*9 

20*03 

2 

pB; pS; IE; gb, not M; r ... 

4 



11. 109 

42 

9 23*0 

3*057 i 

1 

76 8 1*9 i 

20*03 

1 

r 

1* 

[28151 

1154 

[ 12 

9 25*1 ' 

3*084 1 

1 

i 101 31 49*9 

20*03 

1 

F;fcS; R; *170°, 60'^ 

1 

128161 

1155 


, 42 

9 28*9 

3*005 

1 

i 42 12 32*9 

20*03 1 

1 

F:S;lE;fof2 

1 

2817! 

1156 

11.518 

j 12 

9 31*4 

3*030 

2 

55 42 6*9 

20*03 

2 

F; vS; viE; psbM; sp of 2... 

4 

2818 

1157 


! :i2 

9 32*3 ' 

3*026 

1 

52 53 41*9 

20*03 

1 

ivF;L; R:gbM 

1 

2819' 

1158 

11.519 

'42 

9 36*9 ; 

3*030 

2 

55 39 37-9 

i 20*03 

2 

!cF; vS; lE; psbM; nf of 2 ... 

4 

2820, 

3386 


12 

9 41*0 j 

3*160 

1 1 

144 31 20*9 

20*03 

1 

!Ci;F;pL*,iF;stl3...15 ... 

1 

2821, 

1159 

11. 17 

42 

9 58*6 ; 

3*063 

' 2 

82 1 40*9 

20*03 

2 

ipB; pL; pinE; IM; p of 2 ... 

5 

2822* 

1160 


I12 

9 59*5 ; 

3*067 

i 1 

85 32 30*9 

20*03 

1 

IpB; L; H;gbM 

I 

2823i 

1161 

II. 496 

!i 2 

9 59*5 ' 

3*063 

! 1 

81 35 59*9 

20*03 

! 1 

jpF; R; vsbMSN 

2 

2824j 

1162 

IL 11 

1^** 

12 

10 3*8' 

+ 3*054 

1 ® 

73 54 23*9 

+ 20*03 

2 

jpB; pL; IE; vgbM; r 

5 
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Eeferencos t-o 


No, j 



Cats- ! Sir J. H ’b Sir W . II.’s 
iogue , Catalogues Classes 
' oi Kebuta. and 'Sop. 


j Eight 
I Ascension 


1 i 

h. 

H. 

12825 

1163 

: V. 51 : 

12826; 

1164 

III. 851 

12827 


in. 719 

',2828, 


HI. 720 

12829 

1165 

111,480 

+830 

1166 

HI. 725 

'2831 

1167 

V. 41 

2832 

1168 

I. 74 

2833 


HI. 91 

2834 

1169 

H. 742 

2835 

1170 

1. 264 

2836 

1171 

I. 89 

2837 

1172 

IH.702 

2838 

1173 


2839 

1174 

11. 846 

,2840 



2841 

1175 

43 

2842 

1176 

H. 139 

2&43 

1177 

11.138 

2844 

1178 


2845 

1179 

H.llO 

2846 


HI. 5.35 

2847 

1180 

II. 140 

2848 

ll8l 

H. 166 

2849 



5070 



2850 

1182 

111.299 

2851 

1185 

1 . 75 

2852 

1183 

H..56sr 

2853 


11 804 

2854 

1184 

H.37G 

r I. 90 

2855' 

1186< 

J = 

11.322 

*2856 


11 . 571 ?? 


i Annuiil ^ ; 

Pre<‘cs8ion No ; 
' m of , 
Eight Obs i 


^tier Q 4s^^nsion used 

Authonfies. J ■ 


North Polar 
Di-^tance 
for 

18)0 Jan. a 


■ h in 
12 10 
12 10 
J2 10 
12 10 
12 10 
12 10 
12 10 
12 10 
12 10 
12 10 
12 10 
12 11 


4*1 + 
0*7 
13*6 
13-6 
17*5 
20-5 

m 

32-5 

43-7 

48*H 

57*2 

3’5 


in. 702 12 11 30*9 


M. 99 


12 11 41*s 
12 11 oG-O 


2*894 ' 

2-939 

2*999 

2- 999 

3- 063 
3*003 
3-019 
3*033 
3 063 

2- 995 
2*864 

3- 034 

3-029 

3-052 

2-898 


19 48 0-9 
25 48 56-9 
41 44 31-9 
41 45 31-9 
82 32 50-9 
43 35 49-9 
51 24 39-9 
59 36 54-9 
82 6 1-9 
41 49 7*9 
18 25 17-9 
61 2 42-9 

59 23 0-9 
74 48 7*6 
. 23 19 23*6 


. 90 


;2857j 1187 

2858! 1188 

2859; 

‘2860! 

|28';i'' 

i2862‘ 1189 
:2863; 1188, ( 
!2864| 1191 

2860! 1190 
‘2866! 1193 
!2867j 1195 
|2868| 1192 

I2869. 1194 

287o; 1196 

2871 1197 

2872 

2873 

2874i 1198 
2875; 1200 
2876' 1201 
2877i 1199. 


11. 573 

II. 569 ? 
11 . 323 

II. 377 

III. 798 

III. 300 

II. 570 ?'' 

III . 726 ' 
IL 571 ? 
II. 805 
V. 5 i 

1. 275 ! 


II. 61 

III. 92 
III. 93 
II. Ill 
II. 62 
ii. 572 
11.112 


12 12 1 

3-06 

n*; 

83 29 42 ' 

12 12 1*7 

2-988 

3 

41 55 40-f) 

12 12 4-6, 

3-063 

1 

83 23 51-6 

12 12 12-9 

3-063 

2 

83 9 22-6 

12 12 13-0 

3-064 

1 

83 53 0-<) 

12 12 22*0 

3-051 

1 

74 20 51 -t> 

12 12 26-0 

3-090 

1 

101 28 31-6 

12 12 26-3 

3-063 

1 

83 22 30-6 

12 12 38-0 

3-053 

.7 

, 76 26 0-6 

f 12 12 41 

3*06 

^ 2''; 

S3 12 42 

12 12 41 



83 46 42 

12 12 45-0 

.3-024 

1 

58 52 49-6 

12 12 47-4 

3-025 

1 

59 .36 15*6 

12 12 48*2, 

.3-064 

1 

8 ;i 53 1-6 

12 12 48-3 

2-946 

1 

.32 29 1 *6 

12 12 49-1 

3-029 

I 

61 36 0-6 

12 13 3-4 

3-025 

g 

59 56 25-6 

12 13 8-7 

3062 

1 

82 51 1-6 

12 13 12-5 

3-063 

1 

83 50 .34-6 


12 13 18*6 
12 13 23-0 
12 13 25-7 
12 13 35-7 
12 13 35-9 
12 13 38*6, 
12 13 41’0 
12 13 46-0 
12 13 48*1 
12 14 4*2 
12 14 
12 14 
12 14 
12 14 
,12 14 23-6 ‘ 
12 H 23*6 ‘ 
;12 14 24-9' 
.12 14 .32*7 ; 
12 14 33-1 ' 
12 14 33-2 


4-8 ■ 
6-1 
6-1 
8-4 


3-024 

3-025 

2*933 

3-023 

3-063 

3*024 

2*980 

3-063 

2- 930 

3- 042 

2 - 720 

3- 063 
3-064 
3-053 
3*061 
3-061 
.3*048 
3-053 
3-063 

-j- 3*04 y 


Annual 
Prix-.>M..n 
, in 

NPTt 
' for 

; 18+1 

N. 

Ob- 

U'ied. 

i 

Suinmayi Pescription from a ^ 
Cuuipan-ou of all the 1 

Obserxat!o!i.s. Eeniark-, &e, ■ 

1 

Total 
No. of 
times 
of Obs. 
by h. 
md 11 

4-20-03 

1 

vF; eL; mE 160'+ ; vcbM.. 

3 

20-03 

1 

vF; pS; iR; vglbM 

2 

20-03 

1 

vF; vS; n of 1) neb 

1 

20-03 

1 

,vF; of D neb 

' 1 

20-03 

2 

iF; L; vgl)M; -»7 s 

3 

20-03 

g 

vF’ ; cL; iK ; vghM ; r 

' 4 

20-03 

2 

,pB; iL;eE4.3'--2; vgbM 

, .3 

20-03 

3 

,cB; pL; vlE; suiliM; r 

: 

2h-03 

1 

► F 

1 

20-03 

2 

!vF; S; pniE; n-bM 

,pB; S; R; pgbM 

4 

20*03 

1 

2 

20-03 

3 

vB; S; L; vsvnd)MN; 
*6*7 f 90b 

4 


]::vr; vS; R 

f(H.h.)H;L;R;gbM;ri; 
^ L) 3-branched -pirai ] 

1 pB:'L;cE38 -2;bMBN 

'"1] vF pS; R; ^t^lS s 2' 

'4 vB; vL; vniE O'; sbMBN ... 

1 F;pS;R;£rbM ' 

2 pB; E; psbM 

1 neb; “ 1st of 5” 

B; S; R; r ' 

1 vF; pE; iF 

1 F;pS:R;gl)M ' 

2 pB: nS; R; vsmbM 

[2j pF; S; R; «jf9 f F‘7) n S5'...' 

8 ;ee No. 5070 

20-02 1 ,cF; S; iR; gmbM 

20-02 1 vB; \L; E 90'+ ; PibMX ... 

20-02 1 B;L;E;gbM 

20-02 1 pB;pL;iF 

20-02 2 F; !8; vlE; gbM; « 15 nr ... 

20’02 2 vB; pL; R; mbM; r; p of 2 


1 4 nob so about. Place of the 1'*‘ 
, last (see note). 


20-03 

20-02 

20-02 

20-02 

20-02 

20-02 

20-02 

20-02 

20-02 

20-02 

20-02 

20-02 

20-02 


20*02 1 iB; vL; R; pgbM; ‘-3 more 


59 54 20-6 

60 0 39-6 

31 6 1-6 
59 51 31-3 
83 54 0-6 
59 51 20-6 
42 56 17*3 ' 
83 52 34-3 
31 7 37-3 

70 50 17*3 
, 13 51 7*3 

83 49 57*3 

84 38 4-3 
77 42 56-3 
82 34 1-3 

82 34 1-3 

74 36 52-3 
77 43 1-3 

83 50 23-3 
74 36 53-3 


20-02 
20-02 
20 02 
20-01 
20-02 
20-02 
20-01 
20-01 
20-01 
20-01 
20-01 
20-01 
20-01 
20-01 
20-01 
20-01 
20-01 
20-01 
20-01 
+ 20-01 


, seen. 

2 B; S; R ; bM; 2nd of 3 . 


1 .cF; IE; p of 2 

2 vF 

l::vF;S 

;Most probably =H. HI. 300 

3 vF; pB ; R; vgbM; r 

1 vB; R; central of 4 

1 pB; L; H; gmhM 

2 ‘F;vL; E:lbM;r 

4 :pB;vS: R:!bM;3stf 

2 B;pL:!E:R'^:4rhof4., - 

4 ,F’:L:mEl35'+:bi-N;pof2 

2 !vF;vS ; 

2 cF : C'*' ...• •••■• 

3 F; L; E0'+; vgbxM, p ot 2 

0 F- 1-; lE; ^ 

1 F’;lE;-«-gbM I 

g L; vmE 0“+ ; f of 2 


3* I 

4 

n 

1* i 

Or I 

5 ‘ 
1 * 

3 I 

6 I 

3*1 

2t ^ 

6 
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! 

1 'So. 


References tu 

: Right 

Annua! 

Preee^ion 

No 

North Polar 

Annual 

Precession 

N 1 

' Summary Description from a 

Total 
No, of 

■Cata- 

logue. 

1 

8ii' J 11,’ 
Caialotrue 
of 2; Chula 

SjrW.H’s 
Classes 
and Xos 

Other 

Autliorities. 

for 

1800. Jan. 0. 

Right 
AseeuMou 
for 1.''80. 

Obs. 

used. 

tor 

1860. Jan. 0. 

N.P.I>. 

for 

1880 

^ ' Coinjwrison ol all the 

^ , , Observations, Remarks, &e. 
used. 1 

of Obs. 
bv h. 
and H. 

! 

h 

IL 


h m s 






: 



'2878 

1202 

1. 139 

M .61 

12 14 45*1 

+ 3*064 

2 

84 44 

65*3 

+ 20*01 

2 vB; 

vL; vsbM#; hiN 

sn 

2879 

i“^8S() 

3387 

1 



12 14 51-8 
12 14 .56*7 

3*132 

1 

1 

122 41 
76 29 

34*3 

35*3 

20*01 

20*01 

1 vF; 
1 vF; 

vL; R; vgvlbM; r ...... 

R 

1 

1 

'2881 

1204 

1. 76 


12 15 23-5 

3*016 

1 

59 19 

46*0 

20*00 

1 cB; 

L; E 150^+ ; sbM ; * np 

3 

'2882 

'2883 

1205 

1206 

11. 378 


12 15 24-5 
12 15 24*5 

3*017 

3*017 

1:: 

I 

60 0 
60 1 

34*0 

8*0 

20*00 

20*00 

2 B; 

1 F;‘ 

cL; IE; np ot'2 

f of 2 ..,. 

3 

: 1 

12884 

1202.. 


R. nova? 

12 15 30 

3*06 


84 35 

40 

20*00 

... F.I 

•I; lO'nfb. 1202 

; Of* 

i2885 

!2886 

1207 

1 209 

II. 63 
11.628 


12 15 30-2 
12 15 31 *6 

,3*05] 

3*044 

J) 

1 

77 26 
73 40 

25*0 

57*0 

20-00 

20-00 

2 vF; 
1 ,pB 

L; E 135^'’+ ;r... 

cL; E;gbM 

4 

'2887 


II. 324 ! 


12 15 34'9 

3*011 

58 11 

0*0 

; 20*00 

1 F; 

8 

1 

'2880 

1210 

1.276 ■ 


12 15 36*3 

2*6s6 

3 

13 53 

59*0 

20*00 

3 pB 

pS:vlE;sbM 

5 

(2889 

1208 



12 15 37-4 

3*057 

1 

1 

20*0 

20*00 

1 eF; 

#8 11 6 

r(H,h) pF; vL: R; '] 

. i 

2890 

1211 

1 

i M. 100 

12 15 50*6 

3*043 

3 

73 23 

54*0 

20*00 

' 4 

' , 1 

1 vg. [isbMrN 

(L)2-l)rfi!icbi‘d spiral i 

5 

2891 

1212 

11. 85 1 


■12 16 1-2 

.3*041 

1 

72 30 

5*0 

20*00 

, 1 'pB; 

S; K;psbM ", 

2 


2892 


D'An+st,90 12 16 2 , 

3*06 

r4^' 83 58 

42 

19*09 

^4] pB; K or IK; bM 

0* 

2893 1213 

11.141 

12 16 2*0 

3*060 

1 83 8 

51*0 

20*00 

1 vE; S; R ; bM ; l-t ol 3 ' 

2 

2894 

11. 84 


.3*043 

1 73 25 

0*0 

2O*00 ' 

I .F, 8; li;r 

1 

289.- 1216 

11.847 

12 16 6*6 

2*843 

1 23 22 

43*0 

20*00 

1 ,pF; 8; \|E; vgbM 

2 

'2896 1214 



Id 16 8*6 

3*093 

1 101 45 

29*0 

20*00 

1 vF;v.8;R;bMN 

1 

■2897 1217 

, 11.806 

12 16 8*9 

2*905 

2 30 47 

2*0 

20*00 , 

2 pB;8.E;gbM 

3 

'2898 1220 

ill. 942 

12 16 11*2 

2*637 

1 13 3 

7'0 

20*00 

1 vF;E0 + 

2 

'2899 1215 

II. 142 

12 16 1-2*5 

3*060 

1 83 11 

1*0 

20*00 

1 F,pS. R;bM;2nduf3 

2 

'2900 1218 


12 16 16*0 

3*058 

1 81 45 

7*0 : 

20*00 

1 pF; S; R; * V iir 

1 

'2901 1219 

II. 406 

12 16 21*1 

3*035 

2 69 48 

9'0 

20*00 

2 vF; pL; iH; biN? 

4 

2902 3388 



3*231 

1 147 20 

30*0 

-20*00 

1 .Cl; pUi; IC: St 12... 14 

1 

■2903 1221 

11. 86 

1*2 16 -23*7 

3*040 

1 72 31 

5*0 

20*00 

1 eB; vS; mE; trliM 

2 

2904 1222 

11. 143 

12 16 26*6 

3*059 

3 , 83 8 

10*0 

-20*00 

3 'B;pL;R;bM;3rdof3 

4 

,2905 

111. 95 

12 16 29*8 

3*058 

2 82 14 

31*0 

20*00 

2 (F;vS;R 

2 

ioQn6 

III. 96 



• S-2 14 

31*0 

20*00 

2 t-E;vS;R 

'i 

‘2907 1223 

III. 94 


3*060 

1 , 82 16 

59*0 

20*00 

1 ipF;S;E;?D 

3 

2908 1224 

111. 31 


.3*038 

1 1 71 41 

1*0 

20*00 

1 3F; pS: R; vglbM; Agst ... 


2909 1200. 

a 

R. nova 12 16 34*7 

3*053 

:: 77 43 

1*3 

20*00 

vE; viiiE 

0 

2910 1225 

1.210 

12 IG 34*8 

2*960 

5 42 14 

8*0 

20*00 

6 vF; 8;inLl(!0‘ +;vssmbMBN 

8t 

2911 12*26 

II. 625 


3*077 

1 92 40 

18*0 

20*00 

1 :F;pL;E70H;vlbM 

4 

;29i2 3389 


ti.292 1-2 16 49*2 

3*262 

3 151 7 

11*0 

20*00 

3 Cl; vl3; vL;l'C;stl2..J4... 

3 

|2Q13 

111.481 

1 7 .3*3 


1 80 42 

0*7 

19*99 

1 vF 

1 

2914 1230 

III. 799 

12 17 9-0 

2*896 

1 30 50 

31*7 

19*99 

1 oF;(:S; 1E(?18“JI.A.) 

2 

12915 1228 

1.1-23 


3*061 

1 i 84 17 

31*7 

19*99 , 

J B;S;*8*9sr3 

3 

'2916 1229 

111. 648 

1 12 17 10*3 

3*006 

] i 57 42 

34*7 , 

19*99 : 

] cF; pmE 90J vlb.M 

2 

-2917 1231 

1. 65 i 

12 17 16*6 

3*107 

1 JOB 0 

3*7 : 

19*99 : 

] vB: L; R; vsmbMu; r 


'291 12.33 

III. 800 ' 

12 17 17*0 

2*895 

1 1 .30 51 

31*7 ’ 

19*99 

1 vF;cS;R;r 

2 

j29iy 

III. 938 i 

13 17 17.6 

2*659 

1 ; 14 17 

0*7 ' 

19*99 

1 !(-E;pL;iF 

1 

2920 

; 111. 801 

:12 17 18*5 

2*804 

1 i 30 48 

59-7 ; 

19*99 i 

1 :cF;cS;R 

1 

12921 1232 

: 1. 30 

12 17 21*3 

3*057 

2 ! 81 54 

17*7 ! 

19*99 ' 

3 icB; pL; vlE; gi, smbM 

5 

2922 

in. 97 

1 12 17 23*3 

3*057 

I i 81 50 

0*7 i 

19*99 1 

.*• k 

2 

0923 

III. 38 



1 i 37 

59*7 i 

19*99 ' 

1 |vF;vS 

1 

2924 1234 

1. 166 

!12 17 40*3 

2*981 

1 . /o OJ 

2 i 49 51 

4*7 i 

19*99 ! 

2 icB; S; IJrabMK; r ......... 

4 

2925, 1235 

; I. *22 

12 17 45*8 

3*048 , 

3 ' 77 31 

34*7 ' 

19*99 i 

3 iR;pS;R;gbM 

6 

2926 123G 

; 11.144 

'.12 17 46*2 

3*057 ; 

2 i 81 46 

52*7 ' 

19*99 i 

2 'pF;pS;IE;bM 

3 

2927' 3390 


A. 67?? :i2 17 50*1 

' 3*412 

1 : 161 63 

19*7 : 

19*99 

1 |0; pF; L; R; 9t 12...I6 ... 

2 

292s 3391 


!i2 17 5.5*9 

3*162 

1 1 128 58 

12*7 i 

19*99 

i 1 IpB; S; R; pgvinbM 

] 

2929' 1227 

II. 64 

112 17 56*0 

, 3*050 : 

1 77 59 51*7 

! 19*99 

j 2 'cF; cS; IE 

3 

2930 1237 


M.84 42 17 57*6 

3045 

1 1 76 20 

8*7 

' 19*99 

! 1 vB; pL; R; psbM; r 

2 

j2931‘ 1238 

II. 379 

I 1.7 17 


0 , 6ft 40 

3*7 

19*99 

i 2 F; S; R; bM; t nt’SO" 

1 a 

*2932 1 



* yy* 

1 i 

: 





|2933, i 



; 






2934; V1237, 

a 

R.9flo\ffi 12 18 + 

1 +3*045 1 

... ; 76 20 

+ 

+ 19*99 

... “Twelve knots exam.” (see 


2935 I 



! 1 

j 



h. 1237,1244, 1250). 

i ^ 

2936i J 



i 

j 


i 





OF kebul^ and clusters of stars. 


99 


, Cata- ! Sir J. H.'s jSir W. H.’si oij^gr 

' Autliontiea, 
‘ of NelmljE.' and Nos. ‘ 



Annual ' 
Pfe<.«*sion No. I 
in of ; 
Eight ' Obs. i 
A.^t'ension used.! 
for ' 


Kortli Polar 
Distance 
for 

]S0(», Jan. 0. 


Annuid 

Precession No, 


NP.D. 

for 

lS>iO. 


Ot>> ' 


Summarr Description from a 
f oniparison of all the 
Obycrcationi, Remarks, Ac 


, Total } 
;No. of! 
' times i 
of Obs. I 
1 by h. ! 
'and H ; 


2937" 



2938 

;>i237,rt 

' 

R. 9 nova' 

2939 

2940 

( 


(continued) 

P941 


IL530 

2942 

1239 

J. 12 

2943 

1240 

11.87?? 

2944 

1241 




IT. 743 

2946 

1242 


M. 85 

2947 

1243 

III. 879 

2948 

1247 

t. 277 

2949 

1244 


2930 

1245 ■ 

11.749 

2951 


11. 87 i 

2932 

1248 

m.8.)2 

2933 

1 249 

III. 729 

2934 

1246 

m.36i 

2953 

1230 

11.167 

2956 

1230 

II. 168 

2937 

1231 

11 55 

2958 

1232 

V.29*l 

2959 

2960 

^ 1252, a 


R. 2 nova 

296} 

1233 


M. 86 

2962 

1252 ■ 

V. 29-2 

:2963 


111.7.33 

2964 


111. 756 


2963 

, 1 


Auvv. N. 30 

'2966 

1254 

11. 88 

12967 


lu. 39 

.2968 

1255 


12969 

1 236 


''2970' 


in. 17 

2971' 

1257 

II. 34 

2972! 

1258 , 

1. 77 

'2973 


in 482 

I2974I 

1259 ’ 

11.169 

2975j 

1260 : 


;2976; 

1261 ; 

HI. 492 

i2977| 

1262 

11.113 

'(2978, 

1263 , 

n. 23 

12979: 



I298O 

1265 . 

in. 114, 

129811 

1264 ! 

II. 89 

12982' 

1266 ! 

1L145 

129831 

1267 ! 

11.170 

•2984; 

1268 i 

11.171 


,2985; 

1269 ; 



12986; 

1270 j 

11.146 


i2987i 

1271 i 

11. 65 


!2988; 

1272 i 

11.172 


I2989 

1 

11.497, 


12990 

1273 i 



|2991 

1274 1 

1. 28, 1 


12992 

1274, a 


R. nova 

j2993 

1276 

11.173 


12994 

1275 

I. 28, 2 


2995 

1275, « 


R. nova 


12 

18 

+ , 

+ 3-045 

... 

76 

20 

+ 

+ 19-99 


“Twolte knots exam.” (see' 

0 ; 











h. 12 . 37 , 1244, 1250). 


12 

18 

2*6' 

3-060 

1 

83 

29 59-7 1 

19-99 

1 

F; S... 

3 1 

12 

18 

7*3 

3-041 

1 

74 

27 

43-7 

19-99 

1 

H; S; R; smbM 

4 , 

12 

18 

13-0 

3-039 ' 

1 

73 

33 

,30-7 

19'99 

1 

[jS; R; psbMN 

2 • 

12 

18 

17-0: 

3-051 

1 

79 

13 

0-4 ' 

19-98 , 

1 

vF:|)L;R;lhM 

1 ■ 

12 

18 

19-0 

2-940 : 

1 

40 

23 

59-4 

19-98 

1 


1 ' 

12 

18 

19-3 . 

3-033 

2 

71 

2 

10-4 i 

19-98 : 

2 

vB; pL; R; bM; ^ np ...... 

3 • 

12 

18 

22-3 . 

2-910 

cy 

34 

43 

1-4 ■ 

19*98 , 

2 

cF; S;iR 

3 1 

12 

18 

.36-7 • 

2-609 

0 

13 

42 

3-4 

19*98 

2 

R: cL; 1C ; psnibM 

^ 1 

12 

18 

41-2 

3-045 

1 

76 

34 

33-4 ! 

19*98 

1 

vF; E; p of 2 

1 1 

12 

18 

41-2 

2-950 

3 

43 

32 

16-4 i 

1998 

3 

pB; pL; lE; vglbM 

5+ ; 

12 

18 

43-3' 

3-039 

1 

73 

41 

50-4 . 

19*98 1 

1 

S;bM;r 

1 * I 

12 

18 

44-3 

2-819 

0 

24 

17 

14-4 i 

19*98 > 

3 

cF; S; R; sbM; *+ sp 

3 1 

12 

18 

48-4 

2-951 

i 

43 

23 

20-4 ' 

19*98 ! 

1 

eF;S; R;vgbM 

0 ! 

12 

18 

48-51 

3-010 

I: 

61 

39 

49-4 . 

19*98 ' 

1 

vF; vL; iF; R«p 

2 j 

12 

18 

31-3 

.3-044 

1;: 

76 

29 

1-4 

19*9» , 

1 

N'orthern of 2; no description, 

2 

12 

18 

51-3 

3-0 4 4 

I:: 

76 

29 

1-4 

19-98 : 

I 

Southern of 2; E 

2 

12 

18 

32-{) 

3-032 

2 

71 

0 

52+ 

19-98 

2 

pB; lE;bM 

3 

12 

18 

32*0 

2-993 

I 

55 

40 

35-4 

19-98 , 

1 

eF; vL; n» of D neb ' 

3t 

12 

18 

± i 

2-993 


55 

40 

± ' 

19*98 , 



0 

12 

19 

0-2' 

3-044 

1 

76 

17 

9.4 ; 

19*98 

3 

vB;L:R;gbMN;r 

5* 

12 

19 

1-1 

2-993 

2 

35 

42 

28-4 • 

19-98 ■ 

2 

vF; vL; pvlbM ; sf of D neb 

3+ 

12 

19 

2A ' 

3-086 

1 

96 

54 

29-4 

19-98 

1 

,vF;vS; E 

1 

12 

19 

2-3. 

3-086 ' 

1 

96 

54 

29-4 

19-98 ' 

1 

vF;vS;E 

1 

12 

19 

2*6 . 

3-041 ' 

A 

76 

6 

32-4 

19-98 

A 

F; L; mE 9 O" (Auwers. 

0 


i 








Mar. 5, 1862). 


12 

19 

3-4 

.3-037 

1 

73 

3 

10-4 

19*98 

1 

pF; S; R;vsbM; r 

2 

12 

19 

5-0 

3-030 

1 

78 

42 

59-7 

19-98 

1 

vF; B*m- 

1 

12 

19 

11-1 . 

.3-044 

1 

76 

34 

59-4 

19*98 

1: 

: f tif 2 neb 

1 ' 

12 

19 

14-6 

3-032 

1 

80 

12 

44-4 

19*98 

1 

el+vL; R;gl)M 

1 i 

12 

19 

17-0, 

.3-065 

1 

86 

43 

59-4 

19*98 

1 

\F; pS; r 

1 

12 

19 

26-2 ' 

3-063 

2 

85 

15 

53-4 ' 

19-98 

2 

F; pL;R:gbM:r 

6 

12 

19 

29-4 

2-997 

1 

■ 57 

30 

19-4 

19*98 

2 

vB; L; E; g. vsinbM* 

5f 

12 

19 

30-1 

3-033 

1 

80 

47 

0-4 

19*98 

1 

eF 

1 ; 

12 

19 

32-4 : 

3-044 

1 

76 

39 

31-4 

19-98 

1 

cF; S; sbM; 2st n, np 

2 i 

12 

19 

37-2 ! 

3054 

1 

8l 

18 

20-1 

; 19-97 

i 1 

vF;L;R;#sp5' 

1 

12 

19 

44-6; 

3-072 

1 

90 

6 

39-1 

; 19-97 

■ 2 

f H. vF; oL; inE ^ 
jh. F; S; R; * nr j 

3* 

12 

19 

49-3, 

.3-0,38 

I 

74 

10 

51-1 

19*97 

1 

B; pniE 1.35'=+ : sbM 

3 

12 

19 

30*7 i 

3-06,5 

2 

86 

43 

44-1 

' 19*97 

2 

F;pL;lE:r:{? = m. 17)... 

4 

12 

19 

56-] ■ 

3-052 

1 

. 79 

37 

0-7 

: 19*97 

1 

Ib pL; E;lbp 

1 

12 

19 59-7 

3-083 

2 

95 

3 

10-1 

19*97 

' f> 

F;vS; R;psbM;2Sstiir ... 

5 

12 

19 

59*8 

3-037 

2 

■ 73 

45 

10-1 

19*97 

2 

pB; pL; pgbM; B* np 

5 1 

12 

20 

1-6 

3-058 

1 

■ 83 

20 

42-1 

i 19*97 

1 

vF; vS; E 

3 

12 

20 

5-0 

3-04.3 

' 0 

' 76 

30 

10-1 

' 19*97 

2 

,pF;S;R:bM 

3 

12 

20 

8-2 

3-044 

1 1 

‘ 76 

55 

44-1 

‘ 19*97 

i 1 

vF; vS; cE; gbM 


,12 

20 

16-0 

i 3-088 

1 1 

; 97 

24 

14-1 

: 19*97 

1 



I 

12 

20 

19-4 

3-057 

i Q 

! 82 

58 

0-1 

■ 19*97 

2 

■,cF;L; R; gbM 

3 

12 

20 

20-7 

3-046 

1 

; 78 

7 

49-1 

1 19*97 

2 

'B; L; cE: psbM; #10 nf 

3 

12 

20 


3-043 

, 1 

' 76 

63 

54-1 

; 19*97 

, 1 

IcF; S; gbM ••••■j 

2 

12 

20 

2.3-0 

3-063 

1 1 

i 81 

0 

59-1 

19*97 

: 1 

(pF=vs:. 

1 

il2 

20 

26-1 

3-089 1 

1 

i 97 

30 

49-1 

19*97 

1 1 

pF: pL: L 

1 

;12 20 

33-7 

3-041 

1 2 

76 

9 

14-1 

19-97 

3 

vB; cL, R; p of 2 j 

2 

12 

20 

+ 

3-041 1 


. 76 

9 

+ 1 

19*97 


See note , 

0* 

!12 

20 

35-2 

3-043 

' 1 

r 76 

55 

49*1 1 

19*97 

1 

B;pS;K;bM;r ' 

2 

112 

20 

36-7 

3-041 

i 3 

f 76 

13 

17-1 i 

19*97 , 

3 

B; cL; vlE; r; f of 2 

5 

!'* 

20 

± 

+ 3-041 


} 76 

13 

+ ! 

+ 19*97 i 


;See note 

0 * 
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SIE J. F. W. HEESCHEL’S CATALOGUE 


ISm. 

of 

Cata- 

logue 

Eefereiiees to 

Sir J. fl.’CSir W.HV 
t'amloguesj CW. 1 Authorities, 
oi JNcbula*., anuiNos. 

1 , Annual 

j Eidit ' Precession 

1 Asi-ension , m 

' tor ! Right 

' 1800. Jan 0 ; Ascension 
: ' for 1^80. 

i 

Ko. North Polar 
of ' Distance 

Obs. ' tor 

used. 1 18(50. Jan. 0. 

Animal 

Prea«sion 

in 

NPD. 

for 

1 

No. ; 
of i 
OlM. ' 
used j 


h j H ; 


}i m s 

s. 




399G 

1277 : j 


12 30 39-3 

+ 3*070 

1 89 5 41*1 

+ 19-97 

1 I 

29.97 

3392 ! ■ 

A. 300 ? 

,12 20 45-1 

3*287 

1 149 19 6-8 

19-96 

1 ( 

2998 

’ 11.848 


13 30 48-0 ' 

3*795 

1 24 35 19*8 

19-96 

1 I 

3999 

1279 ' II. 156 


12 30 58-0 , 

3*048 

1 79 34 53*8 

19*96 

1 V 

3000 

3393 : i 


12 21 7-.i 

3*191 

1 132 39 6*8 

19-96 

1 ,e 

3001' 1380 1 1, 91 i 


12 21 15-0 

2-999 

3 60 36 33*8 

19-9G 

4 1 

3003 

1281 ( 1.213 


12 21 17‘5 

2*944 

4 45 8 8-8 

19-96 

4 .V 


, fll. 56 ‘ 

1 






3003 

1283 :< = 

> 

13 21 24-9 ■ 

3-030 

6 72 8 33*8 

19-96 

7 


1 11. 90 J 






3004 1383 H. 3G ! 


12 21 39-0 

3*055 

1 ■ 83 42 49*8 

19-46 

1 

SOO.i 

1284 11. 180 i 


12 21 40-2 

3-075 

1 91 10 10-s 

19*96 

1 

300G. 1285 11.355 1 


13 31 41-6 

3 014 

3 66 34 35*8 

19-96 

2 

3007 

3394 1 


13 31 43*3 

3-147 

1 119 19 41*8 

19-96 

1 

300b 

1 1. 23 


13 31 49-1 

3-04.3 

2 77 33 29*8 

1.9*96 

2 f 

3001 

1286 ; II. 35 


13 31 50*3 

3-063 

3 85 39 10*8 

19-9G 

3 

3010, 1387 . 11.121 i 


12 21 51*6 ' 

3-039 

1 7.5 59 6*8 

19*96 

1 


1 'fl.212j 

1 






3011 

1289 = 

> 

12 21 52*8 

2*936 

1 44 30 29-8 

19-96 

1 


, U- 750 

J 






3013 

1288 1 1.161 


12 21 64*1 

.3*037 

2 75 14 55*5 

19-95 

- 


i rii.122 

1 






3013, 1390 = 

> 

12 21 57*1 

3*039 

1 76 1 41*5 

19*95 

- 


i III. 1741 

J 






3014 

3.396 111. 764 j 


13 22 2*0 

3*128 

2 113 33 40*5 

19-95 


3015 3395 


12 22 3*2 

3*350 

1 154 1 1*5 

19-9.> 

1 

3016, 1301 ' i 


12 22 4*3 


1 34 25 41*5 

19-95 

1 

3017 

! 11. 630 ! 


12 22 15-1 

3-037 

1 75 15 58*5 

19-9.') 

1 ( 

3018 

1292 1 111. 483 


12 22 15*4 

3*051 

1 81 4 3*5 

19-9.‘) 

1 1 

3019 i 11.157 


13 32 25*8 

3*049 

1 80 23 58*5 

19-95 

1 1 


' rii. 18 






3030 

1293 '< - 

^ 

12 32 30*4 

3*049 

2 81 24 5*5 

19-95 

2 1 


1 in. 49s 

J 

! i 





3031 

1294 1 

M. 49 

12 22 39-3 

3051 

4 81 13 44*5 

19-95 

' 5 1 

303-0 1 






i 

3033 >1294,0 

R. 3 novffi 

12 23 + 

.3*051 

... 81 13 + 

19-95 

... 

3034,! i 






! 

3025 

; II. 115 


,13 33 43-3, 

3*016 

2 75 36 0*5 

19*95 

, 2 , 


’ni-iiT, 

1 






303C' 1295 :< = 

)> 

13 32 48*3 

3*036 

1 7"> 9 20*5 

, 19-95 

: ^ ' 


111.629 

J 






3027. 1297 ,111.362 


13 23 48-7 , 

3-998 

1 , 61 58 28*5 

' 19-95 

' 3 \i 

3028; 1296 11. 123 


13 23 51-8' 

3*040 

2 76 54 3-5 

19-95 

2 1 

3039; ■ 11.116 


12 32 58*9 , 

3 037 

2 75 39 0-5 

19-95 

' 2 i{ 

bo30 1 i 1.1 14 


12 23 1-6 

3*037 

2 ! 75 48 33*5 

: 19*95 

; 2 > 

|303 

‘ 1298 1 JI. 124 


12 23 IM ; 

3*040 

4 : 76 54 41-2 

19-94 

i 5 if 

303, 

1299 ! n.531 


13 23 17-7 

3*060 

1 84 58 43-2 

: 19-94 

: 1 'i 

3033' jlll. 40 


12 23 33-4 ; 

3*043 

3 78 28 58*2 

19-94 

; 3 ( 

I3034* 1300 i 


13 23 37*1 ' 

3*100 

1 . 100 51 52*2 

19-94 

! 1 ![ 

|3035i 1301 1 

M. 87 

12 23 44*0 1 

3*0.39 

4 ' 76 50 39-2 

, 19-94 

j 4 p 

.10.36’ _ I [.776 


12 23 44*2! 

3*091 

1 97 18 28-2 

j 19-94 

i 1 G 

bos' 

■ 1302 1 III. 484 


13 23 44*6 i 

3*049 

1 80 51 38*2 

1 19*94 

■ 1 

3038' 1303 I 11. 91 


42 23 48*1 j 

3*027 

' 3 ; 72 27 55*2 

! 19*94 

1 3 !{ 

3039! 1304 nil. 41 


13 23 50*0 ; 

3*041 

i 1 1 77 45 3*2 

j 19-94 

i 4 il 

3040; 1305 . II. 499 


113 23 .53-2 1 

3*050 

; 1 1 81 9 14-2 

; 19-94 

' 1 If 

3041 1306 1.197 


il2 24 17*8 i 

2*938 

i 1 i 47 36 37*9 

1 19-93 

! 4 ii 

30431 1.308 1.198 


’;12 24 23*6; 

2-938 

1 ; 47 39 25*9 

19-93 

I ^ i' 

3043; 1307 1 I. 83 


112 24 24*3; 

2*998 

; 1 i 63 26 55-9 

i 19-93 

^ i' 

3044! 1310 III. 301 


jl2 24 26*4; -f 2-987 

i 1 1 60 5 7-9 

'+19-93 

1 2 1] 


Sunimar}- Ttesfription from a 
Comparis<cm of all the 
01m>r\ atioiis, Eeiiiarks, &c. 


; Total I 
'No.of! 
times I 
jof Obs. 

, bj h. i 
land H ’ 


that of #). 


;S;iR;bM 

vb; pL; R; smbM 


vB; cL; niE 15^; rrr; # 9<5' I 5 

B; L; R; gvmbM*: r: B* nr 10* 

F;p.S;bM:r 3 

F;L;R;gbM;er ' 5 

F ; L ; E ; gbM ; 3 B St nf. , 


v.S; * 13 att 1 

S;vuiE 

pS;R;.srnbMM 5 

S;R;bU;pof3 3 


B;pL; E4.v t:p^bM 4+ 

pB;pL; iR;bM; r:»bbt3' 3 

pF;S;R;bM;fof3 4* 

pB; pH; E 130’; vb.M ...... 3 

Cl; P; vie 1 

pB;R;gbM 1 

(‘L 1 

F;vS;R;pgbM 3 

pF; pL; uiE; ))M; r 1 

F;pL:iR;bM 6 

vB;L: I 


b* 


h. 1294). 


F; S; R; bM; l$tof3 

pB; pL ; 

vF;r 

pB; S; R: p&bM; 3nd of 3...i 

!pF;pS;E;bs ' 

eF; pL 

" S;R;gbM 


iF;L;R 

pF; pL; vglbM; 2 St nr . 

B; pS; iR; p of 3 

|vB; vL; mE 130^; rr .... 


lpF;cS;R;pslbM . 



OF KEBUL.E AND CLUSTEES OF hjTAES. 


101 




of 

lCatii-|SirJ.n;e SirW.H’ 
logue.] CatalogiU’.-* ! <.’Ia>*nes 
i iof^i-buke' and Is' os. 


Other 

Authorities. 


j Annual 

' Right J Precession No. 

I Ascension i in ' of 
for Right Obs. 

' IdfW. Jan 0. Ascension used. 
: for ISHi) , 


North Polar 
Distant e 


L'^bO, Jan. 0. 


Annual 

Precebsioti No. 

in of 

! N.P.D Oin 

j lor U.M;d 


Total 

SunnnarT De.«cnption from a ; 

Conipansou ot all (he 
Obserrations, Remarks. Ac. ' 'i 
and H. 


3045 

1309 

II. 36 i 

12 

24 

29-8 

+ 3-060 

3 

85 17 47*9 

+ 19-93 

3 

F; cL; biN orD ntb 6 

3046 

3047 


, III. 42 

12 

24 

33*4 

3*040 

1 

77 37 57-9 
120 12 l«-9 

19-93 

19-93 

1 

vF 1 

8397 

12 

24 

4()-2 

3-195 

2 

2 

vF’; L; R; vglbM 2 

3048 

1311 

1 1. 234 , 

12 

24 

41-5 

2-827 

1 

31 16 14-9 

19-93 

1 

,B; cS; E; pgbM; ^ 91 30'^. 3 

3049 

1312 


M .88 12 

24 

54*5 

3-031 

3 

74 48 26-9 

19-93 

3 

R; vL; vmE; p ofl) iieb 

3030 

3051 

305-:? 


1 1!. 118 , 

Hi. 69 
■ il. 66 

12 

24 

+ 

3-031 


74 48 - 

19-93 

1 

F; S; f of 1) neb niot oR Vb 
by h.). J 

vF- vS 1 

1313 

12 

24 


3*040 

2 

78 3 l.rO 

19-93 


pP/;S;K;gbM 3 

3053 

1314 

^ II. 92 

12 

24 

59*4 

3-025 

1 

72 32 23-9 

19-93 

1 

vF;S 2 

3054 

339 s 

n. 77 ] 

12 

2.1 

4*1 

3-090 

1 

96 46 40-G 

19-92 

1 

pB; cL; iE; g\lbM; er 3 

3055 

1.315 

111. 18 

12 

25 

6-8 

3-060 

1 :■ 

85 14 53-6 

19-92 

I 

vF; eL; r; fof 2 2 

3050 

1316 

11.631 

12 

25 

6-8 

3-034 

1 

75 48 23-6 

19-92 

1 

cF; pmE90"+ ; gbM; ^^9 f8‘ 2 

3057 

3399 


12 

25 

9*9 

3-197 

2 

129 8 6-6 

19-92 

2 

pB : S; R ; psinb.\I * I 6 2 

3058 

1317 


12 

25 

9-9 

3-055 

I 

83 24 1-6 

19-92 

1 

t!8:R;sbM*13 1 

'3059 

1318 


12 

25 

14-6 

2-974 

1 

57 7 59*6 

19-92 

1 

vF;.S:R;lbM 1 


'30G0 


K. nova l 


b4 47 


19‘9- 


r ' ? Query E. A.; vF ; 1 0' s of scar- 0 
let IK. 


3061 

3319 

111.834 

12 25 ;i.3-9 

2-8 -'3 

] 

3062 

1321 



2-748 

1 

30G3 

1320 

111.302 

12 25 50-1 

2-980 

-2 

3064 

1322 


12 26 .3-1 

3-049 

1 

3065 

1323 

Hi. 78 

12 26 3-1 

3-029 

1 

3066 


IV. 5 

12 26 3-3 

3-070 

3 

3067 

3324 

II. 93 

12 26 4-0 

3-024 

1 

30Gb 


IT. 158 

12 26 20-2 

3-046 

3 

3069 


11.849 

12 26 23-0 

2-732 

1 

3070 


11.757 

12 26 24*2 

3-091 

2 

3071 

1326 


12 26 26-9 

2-741 

1 

3072 

1325 


12 26 32-9 

3-044 

1 

3073 

1327 


12 26» 38-0 

3-104 

1 

3074 

1328 

fl. 325 

12 26 53-3 

2-975 

1; 


r 

I. 31 

1 



3075 

1329-, 

= 

>..... 12 26 5G-3 

3-048 

3 


1 

I. 38 

J 



3076 

1330 

If. 37 

12 27 0*4 

3-063 

.7 

3077 

1331 

11. 67 

12 27 2-1 

3-037 

3 

3078 


HI. 26 

^ .7 J .?..7 

3-009 

1 

3079 

1332 


8 Canuin 12 27 7-7 

2-92:> 

4 

13080 


11.500 

12 27 8-5 

3-047 

1 

13081 

1333 ■ 

H.I75 

12 27 10-6 

3-033 

2 

3082 

1 334 ■ 

H.147 

12 27 11-7 

3-051 

1 

■3083 

1336 

11.410 

' 12 27 13-1 

2-952 

2 


f 

11. 94 1 



3084^ 

i335< ; 

= 

> 12 27 14-9 

3-024 

2 


1 

H. 119 

J 



3085 

1337 j 

V. 2 

12 27 19-6 

3-064 ' 

1 

3086 

13.38 ! 


12 27 :{2-8 

3-015 

1 

3087, 

1341 : 


12 28 6-8 

2-860 

1 

3088’ 

1340 ! 


12 28 12*2 

3-052 

1 

(3089 

1346 i 

11.850 

12 28 13-8 

2-721 ' 

1 

3090 

1342 ' 

HI. 493 

12 28 15-1 

3-071 : 

1; 

3091! 

1344 ! 

III. 802 

12 28 15-7 

2-783 . 

2 

3092| 

1339 

1.160 

12 28 17-8 

3-081 I 

4 

3093; 

1345 

II. 120 

T2 28 22-7 

3-026 : 

3 

3094; 

1347 

III. 807 

12 28 23*5 

2-781 ' 

0 

3095; 

1343 i 

1. 36 

12 28 24-2 

3-033 : 

2 

3096| 

1349 1 

I. 37 

1I2 28 32-3 

+ 3-033 

2 


32 45 54-6 

19*92 

1 

pF; vS;iR; vgbM 

2 

25 29 50-6 

19-92 

1 

pB:S;R;psbM 

1 

59 30 52-6 

19-92 

2 

eF; vS; R; bM 

3 

81 22 31-6 

19-92 

1 

F;8;R;bM 

1 

74 38 42-6 

19-92 

1 

F; p8; R; r ’ 

3 

89 8 56-6 

19-92 

3 

cB; \L: vmE95''+; B * in 
cunt. 

3 

72 56 33-6 

19-92 

1 

F;v,6;b>I* 

2 

80 33 36*3 

19*91 

3 

F;pL:R;bM;r 

3 

25 12 55*5 

19*91 

1 

pB; vS;lE;&bMSN 

1 

96 36 57-3 

19*91 

2 

vF; 8; 2 vS st inv 

2 

25 37 18-3 

19*91 

1 

pB: S; pmE; pcbM; * 9 inv 

1 

80 2 47-3 

19*91 

1 

eF;pL;lE;vlbM 

1 

101 14 26-3 

19*91 

1 

vF;iF;bM ■ 

1 

58 57 57*3 

19*91 

1 

;F;pL;iR;bM 

3 

81 31 57-3 

19*91 

3 

vB: vL; mEl20' + ; psmbM; 

. L * f; * 9 p. 

5* 

86 34 26-3 

19*91 

2 

,pB; L; pmE6fl“ + ; mbM ... 

4 

77 54 52-3 

19-91 

4 

pF;cl<;R:bM;*9f30* ... 

5 

68 41 56-3 

19*91 

1 

.eF;L 

2* 

47 52 34-0 

19-90 

4 

NVbuhtus 

4* 

81 

1 56-0 

19*90 

1 

vL;er 

1 

76 9 20-0 

19*90 

2 

F;pL; R; vgbM ! 

3 

82 46 1.3-0 

19*90 

1 

pB; pL; pmE; \gbM; r ' 

2 

53 42 9 0 

: 19-90 

2 

eF; L; IE; VglbM; r 

4 

73 40 25-0 

; 19-90 

2 

F;pS;bM;r 

5 

87 2 47-0 

19-90 

1 

'B; vL; a)Ell0°; sbM; er 

5t 

71 

1 23-0 

: 19-90 

1 

'()B; pmE ' 

1 

38 25 19-7 

19-89 

1 

.eF;pL;R 

] 

83 6 37-7 

1 19-89 

1 

;pF;cS:R;bM : 

1 : 

25 42 2-7 

■ 19-89 

1 

F; L: iK; VgbM; S*nf...... 

2 1 

89 28 3-7 

; 19-89 

1 ; 

:ieF;S;R;gbM ' 

3 

30 19 21-7 

1 19*89 

2 

;vF: pS; E; tgbM: 9 f 2k, 
pef2- ; 

4 

93 

I 7-7 

1 19-89 i 

4 

vB; cL; pmE 63''+; j 

' vsinbMX. 

6 i 

1 

74 43 45-7 

19-89 ' 

3 

B:L;lE;lbM 

5 

30 17 43-7 

19-89 ! 

2 

eF;pS;E;fof2 1 

3 

77 0 46-7 

19*89 

3 

pB; S; vlE; spof2 j 

4 

76 59 38-7 

1 + 19*89 

2 

pB; S; E; bM; nfof2 | 

3 
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SIE J. F. W. HEESCHEL’S CATALOGUE 


5<o. 


Eeferonces to I 1 1 

1 Eight 

Annual 

Precession 

^ 0 . 

I4orth Polar 

Annual 

Precession 

5*0. 

Summary Deseripdon from a 
Comparison of all the 
Observations, Eemarks. Ac. 

Total 
Ko. of 

of 

Cata- 

|logiu’. 

Sir J, H.’ 
Catalogue 
of Xekilte 

SirW.H.’s 

Classes 

1 and Kos. 

j { A5oeiision 

Other ! „ 

1 Authorities. 0- 

in 

Eight 
Ascension 
[ for la'Vj. 

Ob&. 

used. 

for 

1800, Jan. 0. 

K.P.D. 

for 

Ohs 

used. 

of Ohs. 
by h. 
and n. 

!3097 

li. 

1348 

3400 

H. 

! ’ h ni s 

1 M.89 12 28 35-2 

' 12 2ft .^l6-9 

; -1- 3*032 

1 

1 

76 40 32*7 
12ft .19 49-7 

4- 19-89 
iq*8Q 

i 4 

! 1 

pB;pS;R;grabM.... 

F; vlEjdbM 

5» 

1 

i3099 

1350 

i 11.343 

1 12 28 44-3 

i 2*983 


62 42 18*7 

19-89 

: 2 

B;pS;iR; vsmbM*12...... 

3 

iSlOO 

1351 

11.380 

( 12 28 50‘3 

i 2*981 

1 

62 18 47*7 

19-89 

2 

F; pL 

3 

3101 

1352 

1 I. 92 

12 28 59-6 

i 2*980 

3 

61 16 7-4 

19-88 

i 3 
! ] 

vB; vL; mEl50°; gbM; 3stf 

4t 

1 

3103 

1 353 

1.119 

12 29 0*4 

3*046 

1:. 

81 33 21*4 

19-88 

1 : 

eB;pL;R:gbM 

2* 

3104 

1355 

11.407 

12 29 5-7 

3*008 

2 

69 54 20*4. 

19-88 

2 

pB;pL;tlE;lbM;r 

4 

13105 

1356 

11. 68 

12 29 21*6 

3*034 

2 

77 47 21*4 

19-8ft 

2 

pB:S;lE;psbM 

4 

|3106 

1357 

V. 24 

12 29 22-9 

2*993 

4 

63 14 30*4 

19*88 

4 

B; oL; eElSG-l; vsbMN 
= #10, 11. 

5t 

3107 

1360 
r 13581 

111. 880 

12 29 26*1 

2*821 

1 

.35 0 1*4 

19*88 

1 

pF;8;iK;gbM 

2 

3108* 

i = ^ 

Li 363 J 
ri359l 

IV. 8 

12 29 26-5 

1 

3*035 

4 

77 59 26*4 

19*88 

4 

vF; L;npofDnebl 

1 )>^'s 
f 160^ + 


3109 

< = !> 
I 1363 i 

IV. 9 

,12 29 28*0 

3*035 

2 

78 0 26*4 

19-88 

2 

vF; L; sfofD neb J 

6*t 

3110| 

1361 

: I. 32 

12 29 45-6 

3*047 

5 

81 59 3*1 

19-87 

5 

cB; pS; mE0“ + : sbMrX .. 

9 

3111! 

!3113 

1364 

III. 939 

M.90 12 29 52*8 

12 29 55-6 

3*028 

2*392 

2 

1 

76 4 18*1 
14 59 52*8 

19-87 

]9'86 

] 

nL;bMN 

(‘F;S 


'3113, 

1362 

III. 602 

12 29 59*1 

3*024 

1 

74 58 cS-1 

19-87 

1 

\ F; L; E; vg!>M; rB # 

1 

3114 

3401 


12 30 6*6 

.3'241 

1 

132 51 14*1 

10*ft7 

1 

vF; S; #10ti30" 

1 

3115' 

3402 



!*=> .in 17*6 

3*199 

3*224 

1 

124 44 3-1 

19*87 

I 

vF; L: IE; vglbM 

1 

3116 

3403 

Ill 13 


1 

129 45 59*1 

19-S7 

1 

lir 

F; S; pniE; 2 rit p 

vF-v.*^ 

1 

1 

:3ii8: 

1365 

IL 15 


3*039 

1 

79 40 5*8 

19-86 

1 

pF; pS, R; sbMX; # Dp ... 

3 

,3119 

1366 



3*039 

1 

79 45 21*8 

19-86 

I 

F; R; bM (':-"=-ILl5-r5'P.r).) 

1 

13120: 

, 

1367 


M.9I?? 12 30 30*8 

3*025 i 

Ir , 

75 26 55*8 , 

19*86 

1? 

np this place is a F iu b : /toi 
M. 91. wh(»se exi'teneer. 

1 

Isiei 

1368 

' i 

M.58 12 30 36*6 

3*031 i 

3 , 

77 24 52*8 j 

19-86 

3 

B;L:iH;vnibM:r ^ 

! 6 

'(3122, 

!so7i! 

1369 

■ 1.124 1 

, j 

12 30 40*5 

12 31 0*5 

; 3*053 

1 , 

83 51 55*8 
89 2 46*5 

19-86 

1 , 

pB;L; neI.M 

See No. 5071. 1 

3 

’3123! 

1370 

III. 495 1 

12 31 14*1 

! 2*945 i 

2 

55 46 15*8 

19-86 

2 

eF;S;lE;bM ; 

! 3 

’3124; 



DArrest,91 12 31 17 

3*02 


76 7 12 

19-80 

[6] 

tF; S; R 1 

^ 0 

(3 125, 

1371 

! I. 125 1 


3*056 


84 54 40*5 

19-85 

2 , 

pB;L;E;p8bM 1 

4 

'3126j 


. III. 98 : 

12 31 45*7 

3 047 i 

1:: 

82 25 53-5 

19-85 

1:; 


1 

;?127| 

1374 

1.273 1 

12 31 53*3 

2*369 ! 

3 

15 2 24*5 : 

: 19-85 

4 , 

rB;L;lE; pgmbM 

1 7* 

:3128j 

: I 

3404 

! i 

M,68 12 32 5*1 

3*166 1 

1 

115 58 45*2 , 

19*84 1 

1 i 

0; L; eRi; vC; ill; rrr; 
Bt 12, red. 

4 

,3129 

1372 

1IL504 ^ 

12 32 6*7 

3*050 ! 

1 

83 12 29*2 , 

, 19*84 i 

1 

vF;cS 

1 3 

i3130l 

1373 

11. 31 . 

12 32 8*0 i 

3*072 ; 

1 

89 16 17*2 ' 

19*84 

1 

F;L;E90"+: vgbM. 

i ^ 

,3131 

1375 

: II. 183 ' 

12 32 26*6 j 

3*088 i 

2 

94 34 23*2 , 

, 19-84 1 

2 i 

pB; cL; E; sbMN = # 

4 

I3132I 

1376 

1 I. 43 i 


3*110 ; 

1 

100 50 14*2 

19-84 : 

1 

!; vB; vL; eE92°; vsrab.MN. 

1 3i- 

(31 33! 

1377 

11 632 ! 

12 32 49-61 

3*016 ; 

3 

73 56 8-2 

19-84 

4 ; 

pF;pL;Rjg6M 

! 5 

;3134 

1378 

, I. 24 1 


3*034 : 

5 1 

79 2 56-2 i 

19*84 

5 i 

B; pS; R; gmbM; r; 3 st f... 

i 7 

|3135 


II.63G : 


3-089 : 

1 ! 

95 2 22-9 

: 19*83 

1 ; 

F; vL :bM 

: 1 

13136 


III. 105 ; 

, 12 33 11*7' 

; 3-040 j 

2 i 

80 61 21*9 

19-83 

; 2 1- 

eF;L; R; vlbM.. 

i ^ 

;3137 


III. 509 ' 

i 12 33 1.3*9 

3*065 1 

1 ; 

88 0 51*9 

; 19-83 

1 i 

vF;vS 

1 

13138 

1379 

, H 577 

1 ;i2 33 14*1 * 

1 3-059 ! 

2 i 

86 6 33-9 

i 19-83 

i 2 i 

F;S;R;2st8f 

3* 

13139 

3405 

1 ...... 

! ,12 33 23*5 

i 3-242 ! 

1 ! 

130 8 57-9 

19*83 

1 ^ [ 

eF;L;R;pslbM;pof2 

1 

|3140 

1380 

i 11.184 

i : 12 33 26-5 

1 3*088 1 

1 1 1 

94 21 50-9 

; 19-83 

i 1 : 

F;L; E;vgIbM 

3 

3141 

3406 


! 12 33 31*0 

1 3*242 ; 

1 

130 12 2*6 

, 19*82 

1 ; 

F;LiR: vgbMtr 

1 

,3142 

1381 

1. 254 

:12 33 42*8 

i 2*689 ! 

1 

27 36 49*6 

19*82 

i 1 i 

ILL; vraEli8=*6;g!bIVI ... 

2 

(3143 

1382 

III. 43 

12 33 53*3 

i 3*027 i 

i 2 

77 20 9*6 

; 19*82 

3 i 

vF; pS; E; 2or3vSstinv .. 

5 

13144 

Lhs 

1383 

, 11. 69 

12 34 10-3 

! 3*033 

1 2 

I 

i 79 3 58-6 

j 19*82 : 

j 1 

2 

pB; pL; R; psbM; r; 
#12npF. 

4 


3407 


A. 272 12 .34 13*2 

i 3*463 

I 1 

152 12 8*6 

19*82 i 

1 

Cl;pLipC;eE;stl0 

1 

i3146 


' I. 7 

I12 34 16*3 

; 3-042 

1:: 

81 24 51*6 

: 19*82 i 

1:: 

vB; vL (no doubt a comet) .. 

i 

is 1 47 


IL 19 

12 14 20*1 

1 3*042 

1 

81 30 51*6 

i 19*82 

1 

F; vL 

2 

|3148 

1384 

: 11,148 

il2 34 23*9 

1 +3*043 

3 

81 55 10*3 

; + 19*81 , 

' 3 

pB; S; R; pimbM 

6* 
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Cattt-j Sir J. H Sir W. H.'e| 
logueJ Catalogues Classes ' 
I of Aebulfi' and Xos . 


{ ' Anniml | 

I Eight I Prereasion | Ko 

Ascension J in ^'f 

for ; Eight Obs 

' 1800. Jaii.O. ! Ascension used. 

: ' forlfs 80 . ■ 


i Annual 

Aorth Polar | Precession Ao 
Distance i in ni 

for A.P.D Ote 

]B<)0.Jan.0. I for u.-id. 


Summart Description from a 
Comparison of all the 
Ohserrations, Kemarlis, Ac. 


13149 3408 

3150 n-744 

31511 ,.,..; ». 178 

tl 73 

3153 1387 

3154 1388 11.411 

,3155 1380 

1316f) 3409 

13157 1389 H. 149 

Is 158 1390 

'.3159 1391 11-1159 

jsiCO 13y^> 11.660 

; r 13939 

jsiGiy = ^ 11.772 

i 1^.3410 1 

: i'lsi'n 

I3l6d< --- '> 11.77.- 

i [3411 J 

3163 , 

A164 1395 11.537 

,3165 1397 V. 4; 

3166 1396 I. 1- 

3167 13'98 111.60: 


34 44-6 
Isi 34 46-fl 


Ic' 34 56*3 
Id 34 56-ri 
Id 34 r)6*9 
Id 35 3*9, 
Id 35 3‘9 
1-2 35 7 ’3 
1 -2 35 8*7 
12 35 9’8 


129 54 10*3 +19-81 
38 48 50-3 ■ 19-81 

48 4 47*3 ■ 19-81 

76 17 9-3 19-81 

54 9 54*3 19-81 

77 34 1*3 19-61 

129 58 30-3 19-81 

81 33 55-3 19-81 

B6 10 20*3 19-81 

56 39 40-3 19-bl 

47 56 36*3 19-81 


12 35 10*4 ■ 3*095 


li. 773 

12 35 11*3 

3*095 , 

2 

96 11 25*3 


D’ Arrest, 92 12 35 21 

3*07 

[!' 

91 2 12 

11.532 

.. !2 .'{5 21*7 

;t*055 

1 

85 16 24*0 

V. 42 

12 35 2-2*0 

2*934 

2 

56 41 21*0 

I. 14 

12 35 -23*8 

3*070 

1 

ts9 18 56*0 

111.603 

, 12 35 38*1 

3*015 

2 

74 55 47*0 

12 .-55 39-8 

2*092 

2 

69 17 27-0 

IE 38 

12 .35 41*1 

;i*o60 

2 

86 32 30*0 

12 35 41*9 

3*055 

1 

85 32 15*0 

IE 70 

\ 12 35 43*8 

3026 

1:: 

77 49 6*0 

IE 176 

J 

R.iiova 12 35 43+ 



77 49 ± 

IE 125 

12 35 40*4 

.3*019 

1 

75 58 44*0 

IE 20 

12 35 5i:*9 

.3*043 

1 

81 53 10*3 

111.494 

12 36 3*7 

3*072 

2 

89 53 20*7 

E 10 

, 12 36 12*1 

3*062 

1 

87 14 46*7 

IE 794 

1 1 2 36 1 5*9 

2*754 

1 

34 4 33*7 

No. 1 

' ,.... 12 36 21*6 

3*262 

1 

130 58 46*7 


,12 36 23*0 2*7 5C 1 34 22 23*7 


; 

M.60 12 .36 34*8 

3*025 5 

i 

12 36 41*2 

3*356 1 

11. 12 I 

12 36 42*3 

3*005 . 3 

...... j 

12 36 48*8 

2*698 1 

111.662 

Sis 36 50*2 , 

3*072 . 1 

IE 136 

'13 36 54*0'. 

3*018 . 2 

IEG61 

:13 36 54*5; 

2*876 1 2 

1.176 

:]2 37 7-8: 

2*929 ' 4 

E177 

il2 37 16*6, 

2*939 j 3 

11.558 


3*109 1 1 

; 11.127 


3*016 1 1 

; IE 71 


3*025 1 1 



3-264 : 1 : 

1 IE 643 

13 37 42*5 

3*898 1 1 

II. 39 1 

- 12 37 46*2 

1 3*057 ; 1 

1. 143 

............ 13 37 58*3 

3*057 i 2 

j I- 15 , 

13 37 59-0 

3*073 1 1 

■ 

* 13 38 12*3 

+ 3-033 1 1 


1 eF; vS; Pi; *attrif; pof 2...' 

2 ipF;S;iR;er 

Diieb; 

^ ' [pb j poslGO- 

1 vF;S;R;vgbM 

3 ;F;pS; R:lbM; ^8*91 

3 B ; pL ; IE ; vsvin!>M ; 2 st p . 
1 pF; 8;R;p.lbM;l'of2..... 

1 cF; pL; E; pslbM; r ........ 

1 B;E 

1 F;S;R;npol’2 

2 |pF;S;K... 

' 2 ':vF;cS;lE;glbM 


19-81 2 cF; S; E; gbM ^ | 

19-80 [1] pB; pL; E; IbM; .''biN ' 0 

19-8O 1 cF;S;H;lbM " 

19*80 2 !;vB; vL; eE76'+; bMN; 3t > 

B*nr. 

ig-HO 1 pB;L;E45'± ^ 

I9*S0 2 vF; L; iijE 135 +; vgbM ...' 3 

19*80 2 vF; L; vglbM * 

19-hO 2 B; L; iR; vgvmbM; r 4 

19*80 1 vB;cS;H;smbM ' ^ 

19-80 1 F;ll;gbM ^ 


Make-, a D or biN neb with. 
' h. 1402. I 

1 pB; S; E; r; #fl2sfF 


2 vF; cS; E , 

1 cB; pS; iE; mbM ' 

1 vF; S; R; gbM ■ 

1 pB; S; psb.M ; 

1 F; S; 4 vSstsp , 

3 vF;pL;lEli5"±;nporDneb' 

5 pB;cS; R;gbM; J p | 

6 ivB; pL; R; fofDneb ; 

1 vF;R;bM;r ! 

, 4 !cB;L;E90";g6M;r ' 

1 pF; pL;gbM;2Bstf J 

1 !\F;pL --j 

2 ;F;vL;pmE;?D;.3stnr ...| 

3 ivF* vS; stellar: * 1-5 - 16 6 ■ 

' 6 SpB;L;vmE34-3;spof2 
3 i:;pF;L;E90^±;i6'of2... 

1 ivF;L; E; *l6att: #9p 
; 1 F; cS; R; bM; r - 

1 vB; S; vsvmbMN 

! ]::F;pL;R:gbM 

I 1 pF;pL;R;gbM;r 

1 t,B; 2 BstinM; bijtp 

2 jB*pL;iR;inbM;«10sp... 
1 Ib’; vL;mE45=±;psbM ... 

; 1 jB; S; R; psbM 
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SIE J. r. W. HERSCHEL’S CATALOGUE 


; Ko. • 

. I ^ 

ICata- ! Sir J. H.’s ; SirW. H.'s ! 
ilogue. Catalo^uas' Classes ; 

! , oflS>biilie. i and Nos ' 


Other 

Authorities, 



h. 

; H. 

13200 


! IIL 663 

'3201 

1422 

:III. 328 

,3202 

1423 

; H .774 

3203 

3416 


3204 

1424 

III. 329 

:3205: 

3417 


3206 


m. 778 

3207 

1425 

n. 326 

,3208 

3418 


53209 

3419 


3210 

3420 


321], 

3421 


3212 

3423 

III. 523 

3213 

3422 


3214 

1426 

II. 181 

'3215 

1427 

III 398 

3216 

1428 

II. 795 

3217 

1430 


3218 

1429 

III. 543 

3219 

1431 

II. 128 

3220 


lil.664 

3221 

1432 

, II. 182 

3222 

1433 

11.381 

3223 


, III. 906 

3224 

1435 

II. 796 

3225 

1434 

i II. 73 ’ 

3226 

3424 


3227 

1436 

I. 39 



■, I. 8 

3228 

^ 



1 

III. 6 

1 

fl437] 


3229 i 


h 1.129 

I 

[ 3425 J 

f: 


fl438 ' 

1 ■ 

3230 J 

1 _ 

Vi III. 524 : 

1 

[ 3426 J 

1: 1 

3231, 


11.578 

13232 


,111.514 : 

'3233 

1439 

: 11 . 662 ' 

,3234 

3427 


,3235 


All. 815 i 

3236 


111.722 ; 

3237 

3428 

1 1 

3238 

1440 

111,610 , 

3239 

1451, 

a ' 

3240 

1441 

‘ 11. 95 

!3241 

1442 


j3242‘ 

1443 

! 11.412 

>32431 

1444 

I 1.140 

3244 

1445 

! in. 536 

3245, 

1446 

1 

3246 

1448 

: III. 424 , 

3247. 

1475 , 

G’ i 

3248| 

1447 

AIL 611 j 

3249: 

1451 

' I. 84 1 

3250, 

1449 

111.280 1 

325l| 

1450 

' 11.298 

3252 

3430 

1 i 

3253 

3431 

i ! 

3254: 

1452 

1 I. 41 1 


A. 510? 


A. 511 
R. nova 


R. nova 


1 I Annual 1 ! 

1 Eight 1 Precession [ No. j North Polar 

: xAscension j in ' of i Distance 

I for ! Eight , Obs. \ for 

186tl, Jan. 0 ! Ascension used,: LSOO, Jan. 0. 

, 1 for 1880. 1 

Annual 

Precession 

in 

K.P.D. 

for 

1880 

No. 

of 

Obs 

user 

i 

1 Summary Description from a 
Comparison of all tlse 
Obsi^rvations, Eemarks, &o. 

Total 
No. of 
times 
of 01 b. 
Itv h. 
an^d H. 

h ni s 

12 38 15*2 

+ 3-072 

1 89 

46 

47*8 

+ 19*76 

1 

;vF; S; iF 

1 

12 38 23-9 

2*952 

3 62 

6 

37*8 

19*76 

4 

pF; cS; R; IM; r; p of 2 ... 

6 

12 38 32-4 

3*098 

1 96 

18 

3*8 

19-76 

1 

pF; S; R;psi«l>xM 

3 

12 38 36-0 

3*273 

1 130 

56 

55*5 

19-75 

1 

cF; S; R; vgbM... 

1 

12 88 43-7 

2*951 

1 62 

10 

24*5 

19*75 

2 

F; vS; K;sbM#10; fof2... 

4 

12 38 47-3 

3-104 

1 97 

52 

44*5 

19-75 

1 

vF:cN:H;glbM 

1 

12 39 IM 

2*733 

2 34 

28 

43*5 

19*75 


cF; SAE 

2* 

12 39 177 

2*928 

1 58 

30 

6*2. 

19-74 

1 

vF; pinE; ?biN 

3 

12 39 18-0 

3*274 

1 130 

49 

55*2 

19-74 

1 

t'F; IE; vgbM 

1 

12 39 36-0 

3*263 

1 128 

48 

5*2 

19-74 

1 

eeF;pL; R 

1 

12 39 36-4 

3*118 

1 100 

52 

34*2 

1974 

1 

el* ; S; 1 or 2 st inv 

1 

12 39 45-5 

3*291 

1 132 

34 

50*2 

19*74 

1 

pF;8; U;gbM 

1 

12 39 58-2 

3*111 

1 99 

17 

29*9 

19-73 

1 

fF; L; E 45“+; gvlb.M 

2 

12 40 2-9 

3*279 

1 130 

47 

24*9 

19-7.3 

1 

eF ; pi>; R ; vgbM ; N # .sp 

1 

12 40 6-.3 

3*081 

1 , 91 

58 

8*9 

19*73 

1 

B; pL; pmE 25^ 

5* 

12 40 L3-3 

2*984 

3 69 

46 

52*9 

19*73 

3 

F; S;R;sb.M*:rr 

4 

12 40 16-6 

2*728 

1 34 

41 

11*9 

19*73 

1 

pF ; V.8 ; VIII E ; vsinbM 

3* 

12 40 39*3 

2*897 

1 53 

52 

53*6 

19*72 

I 

vF; vH; R; psliM 

1 

12 40 43-4 

3*051 

1 84 

.53 

57*6 

19-72 

2 

,eF:pL; Jii9*10pl0' 

3 

12 40 44-5 

3*010 

3 75 

28 

34*6 

19*72 

3 

pB:vL:E;vgli).\I:r 

5 

12 40 48-3 

3*076 

3 90 

55 

44*6 

19-72 

I 

vF;S 

1 

12 40 58*2 

3*081 

I 92 

33 

48*6 

19*72 

1 

pB;pL; E90'+: mhM 

5 

12 41 2-8 

2*943 

2 62 

0 

4} *6 

19*72 

3 

F:cSAI: bM 

4 

12 41 5*5 

2*332 

1 18 

3 

44*6 

19*72 

1 

A';pL:E 

1 

12 41 9*5 

2^731 

1 34 

51 

21*6 

19*72 

1 

t*F; pS; vlE; inbM.N' 

3-“ 

12 41 11-2 

3*021 

6 78 

14 

47-6 

19*72 

6 

pF; ,S; vlE 

7 

12 41 12-2 

3*282 

1 130 

32 

29*3 

19*71 

] 

iiB;L: R;gbM;r 

1 

12 41 21*8 

.+094 

2 95 

2 

2*3 

19*71 

2 

vB; L: IK 45 + ; siiibMrN .. 

6 

12 41 28*1 

3*032 

6 80 

44 

63*3 

’ 19*71 

6 

cB; pL; iR; bM; r 

! 6* 

12 41 46*4 

3*107 

2 97 

54 

3*3 

: 19*71 

2 

ivB; R; vmuM rK; r 

i 

1 3 

! i 

12 41 49*6, 

3*119 

2 100 

38 

16*3 

; 19*71 

• 0 

! 

IF; L; mE40'’; vlbM; B*p ... 

4 

,12 42 2*1 ! 

3*054 


50 

43*0 

' 19-70 

1 

iF; S 

i 1 

12 42 5*8 , 

3*109 

' 2 , 9tj 

21 

44*0 

19*70 

2 

'eF;cS;pniE 

2 t 

12 42 8-9; 

2*842 

■ 2 47 

18 

39*0 

' 19*70 

2 

cF;S;R;gbM 

! 3 

12 42 15-5 

3*288 

1 130 

31 

49*0 

: 19*70 

1 

vF; vS; R; psbM 

i 1 

;i2 42 19*7 ‘ 

2*753 

1 38 

2 

430 

' 19-70 

1 

S; stellar 

I 1 

!i2 42 22*8 

3*118 

1 100 

20 

43*7 

1 19*69 

2 

eF; S 

1 

,12 42 26*6; 

3*289 

1 I 130 

36 

13*7 

' 19*69 

1 

pB;cS;R;gbM 

1 ^ 

>12 42 29*3' 

3*093 

1 94 26 

6*7 

19*69 

1 

cF;pLAE 

i 2 

12 42 35-9 ■ 

2*95 

, 63 

45 

13*4 

19*69 


,E. 

1 0 

:i2 42 39*1 : 

3*000 

2 ' 74 

4 

17*7 

19*69 

i 2 

jcB; pL; vmE 28‘^'*5; sbMN .. 

: 4t 

:12 42 39*4 

2*948 

1 63 

45 

43*7 

19*69 

1 

!vF; pL 

1 1 

112 42 40-1 : 

2*888 

1 53 

54 

17*7 

19*69 

! 1 

iF;S; E:gib.M;er..... i 

i 4 

jl2 42 61 -5, 

3*045 

4 : 83 

65 

22*7 

19-69 

i 4 

IpB; L; viE; glbM 

i 6 

12 43 1*6 

3*130 

2 102 

33 

51*7 

19*69 

1 2 

!F;pS;R;gbM 

i 3 

.12 43 19*9 

3*093 

1 94 

30 

56*4 

19*68 

i 1 

eF; vS; bet 2bt 

1 1 

;i2 43 22*9 

2*900 

1 56 

4 

35*4 

j 19-68 

1 

;vF; stellar | 

2 

:i2 43 26 i 

2*92 

:: 60 

23 

+ 

i 19*68 


;E;bMN 

1 0 

;i2 43 26*4 ; 

3*088 

1 93 

23 

9.4 

; 19*68 

> 1 

:eF;S;bM ' 

2 

12 43 32*0 

2*945 i 

1 63 

44 

13*4 

1 19*68 

1 

>vB,* vL; E; vg, vsvmbMeBN 

2t 

12 43 34*1 

3*135 ! 

1 103 

34 

27*1 

i 19*67 

1 

iF; vS; R; stellar; np of 2 ... 

2 

12 43 37*5 

3*135 

1 103 

34 

57*1 

, 19*67 1 

1 

iF;pL; R;IbM;sfor2 

2 

;i2 43 38-8 ■ 

3*293 1 

1:: 130 

19 

50*1 

i 19*67 1 

1;; 

;!neb;lstof3 

1 

:i2 43 38*8 

3*293 i 

1:; 130 

19 

60*1 

19*67 

h; 

; ,2nd of 3 

1 

12 43 45*4 1 +3*098 

1 j 95 

38 

6*1 ! 

+ 19*67 

1 

jvF,; pL; E 

3 
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1 -D i- 4. I 1 Aimual ! ! 

jjq I Beferences to , i p^gpe^on j North Pokr 

I — — i A»cen''ion | in Distance 

Cata-lsirJ. H.’sSirW. H.’s ! for ' Eight Obs.j for 

logueJCatalogues Classea | Authorities, j I860, Jan. 0. , ^Mion used.; 18fi0, Jan. 0. 

ofNebulse. and Nos. ■ i for 18^. i ' 


! Annual ' 

North Pokr Precession No. 
Distance i in 'of 

for N.P.D. 1 Ob^. 

1860, Jan. 0. * for .usid. . 

. 1880 . i 


Summarj Description from a ! 
Comparison of all the I 
Observations, Eemark, &c. 


1 


h. 

3255j 


3256j 

1453 

3257! 

1454 

3258! 

1456 

32591 

1457 

,3260 

1455 

3261 

1458 ! 

3262 

3432 i 

13263 

3429 i 

;3264; 

13265! 

3433 i 

1460 ; 

3266! 


3267; 

1459 i 

:3268; 


13269 

14-51,// 

.3270 

1463 

327 F 

3434 

3272; 


32/3 

1461 

r 

3274 

1462<j 

3275’ 

L 

3435 

3276 

1464 

3-277 

1465 

3278 

1466 

3279 


,3280 

1467 

328 1: 

3436 


i h m H I p 
12 43 53*8 +2-720 

12 44 3-4 ' 3*019 

12 44 5*1 3*047 

12 44 17*2' 2*838 

12 44 18*7 2*890 

12 44 20*7 3*108 

12 44 30*1 i 2*776 

12 44 30*5 3*118 

12 44 31*3 3*300 

12 44 37*2; 3*297 

12 44 52*3 3*012 

12 44 54*5' 2*940 

12 44 55*1 3*132 

12 44 55*5 2*244 

12 45 0*0 2*95 

1^ 45 0*2 2*1/5 

12 45 6*7 3*313 

12 45 10*2 3*005 

12 45 11*6 3*0:5 


1 I 36 20 41*1 j +19*67 
4 : 78 19 45*1 ; 19*67 


A. 301 12 45 22*2 

12 45 35*3 

12 45 46*1 

12 45 53*4 

12 45 55*7 

12 46 6*4 

12 46 11*3 

12 46 12*7 

12 46 13*2 

12 46 22*4 

12 46 22*4 

12 46 26*5 , 

12 46 29*7- 

12 46 46*5 , 

12 46 47*5' 

12 46 47*5: 

12 46 48*1 

12 47 4*9 

12 47 15*1 

12 47 16*1 

12 47 16*9 

12 47 17*2 

12 47 21*4 

12 47 29*9 

12 47 31*8 

12 47 54*0 

12 47 55*2 

12 47 59*1 

12 48 6-7 

;12 48 7*8' 

12 48 9*1 : 

I12 48 26*6 i 

!i2 48 33*9 1 

'12 48 39*2 1 

R. 2 ijovse ! 2 48 45 ! 


3*118 : 

1 

99 

41 

33*8 

3*300 ; 

1 

130 

37 

52*8 

3*297 

1 

130 

18 

42*8 

3*012 

1 

77 

9 

54*5 

2*940 

1 

63 

28 

40*5 

3*132 

1 

102 

38 

47*5 

2*244 

1 

17 

36 

39’8 

2*95 


63 

23 

0*4 

2*175 ■ 

■] 

16 

21 

38*5 

3*313 

1 

131 

54 

27*5 

3*005 

1 

75 

44 

40*5 

3*0: 5 

1 

90 

26 

26*5 

3*015 

5 

77 

55 

36*5 

3*533 

3 

149 

35 

20*2 

3*143 

1; 

104 

38 

49*2 

2*992 

3 

73 

23 

18*2 

3*015 

4 

78 

0 

38*2 

3*152 

1 

106 

13 

39-9 

3*048 

1 

84 

46 

5b*9 

3*295 

2 

128 

58 

3*9 

3*115 

1 

98 

45 

39*9 

3*063 

1 

• 87 

58 

25*9 

:5*111 

1 

97 

54 

38*9 

3*058 

0 

87 

3 

50*9 

2*862 

1 


25 

5*9 

3*101 

1 

95 

51 

34*9 

3*114 

1 

9H 

26 

38*6 

3*112 

1 

, 98 

1 

38*6 

3*114 

1 

98 

26 

17-6 

3*020 

2 

79 

31 

37-0 

3*120 

1 

99 

46 

38*3 

3*131 

2 

101 

49 

8-3 

3*131 

3 

101 

50 

8*3 

.3*121. 

1 

' 99 

51 

38*3 

3*384 

1 

137 

58 

54*3 

3*102 

2 

' 96 

6 

8*3 

2*925 

3 

62 

9 

58*3 

3*120 ' 

1 

• 99 

28 

38*3 

2*911 

2 

■ 60 

17 

53*0 

3*132 

0 

101 

52 

8*0 

3*029 

3 

; 81 

10 

55*0 

2*921 , 

, 2 


49 

20*0 

3-054 

1 

I 86 

20 

18-0 

2-765 

1 

i 42 

4.3 

7*0 

2*683 

1 

; 36 

8 

27-7 

3*136 , 

1 

. 102 

17 

37*7 

3*230 1 

1 

j 118 

45 

0-7 

3*05 


i 86 

42 

+ 

+ 3*047 

1:; 

■! 

56 

47*4 


1 F;S;vsmbM ! 

1 vF;vS;R 

5 vB; L; ill; vsvmbMBN; r.. 

1 eF; vS; pmE 

1 F; pL; IE; pglbM 

1 vF;S;R;psbM. 

1 cB; vS; vbMX=f9; *10 sf 

1 F;R:gbM 

1 F;L; E;gbM;3rdof3...... 

1 pB; raE: r 

1 F;pL;lE 

1 F;vS;iR;gbM 

1 vF;cL;E135'+ 

:: E0= 

1 pB; L; 11; vg, VsbM 

I B; p.S; R ; vg, vsmbM 

I \F;S;E;r 

1 cB;L;vlE: vgibM 

5 B; pL; R; psbM: p of 2.,,.., 


3 Cl; vL; stvB (c Cruci.s) 

l::vF; j.S; r 

3 vF; pL; E? 

4 pB ; vmE 34'*0 ; 3B st s; f of 2 

1 vF;.S;lbM 

1 F;c.S;R;gbM 

2 B;pS:lE;mbM 

1 vF;vS 

1 F; pL; mE; *9 P 90' ......... 

1 vF; S 

2 ,pF;pS;R;mbM 

1 eF;cS;R;bM 

1 F; cL; R; vg!b.\r; r 

1 F; S; R; vlbM;pofDneb,.. 
1 vF; S 

1 vF; S; R,*vlbM;fofD«eb 

2 \F;pL: R;r 

1 cB; vL; niE 

2 pF; pS; R; mbM: pofDneb 
2 pF; pS; R; mbM; fofDneb 

1 tF;eS 

. 1 vF;S;R;glbM 

, 2 pB; pS; mbM; r,... 

' 2 F; R; *9 att I'li 

. 1 pF; pS; iR 

2 pB; pS:iE; *8nn' 

2 vF; S; 2 or 3 st near 

3 pF; pL; R; bM; r.. .......... 

. 2 pF;pS;gbM 

1 cF;S;v.S*att 

I pB; cS; R; psbM; *14 p ... 

j 1 ,'eF; S; iE.... 

, 1 S;atttopB* ' 

1 F; cS; R; gvlb.M 

[ F; Diicb; E at right angle.- 
■ ' , I to eacii other. 1 

;oL;E.35»± ...| 
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SIE J. F. W. HEBSCHffl’S C4IA10GIJB 


1 Eeferences to 

Sa I 

^ ^ I 

Ckta- ! Sir J. H.’s jSir W . H.’sj 
Ic^. Catalogues I QMses j Authorities, 
of Nebula* and Nos. | 


j Annual ' ‘ Annual , 

Emseseiafi j No. North Polar I PraeeBBon ; 

® 1 I ia ‘of 


i A^aion ! m ; 1 

i for Eight ; Obs. &r 

1 1860, Jan. 0. [ Asoensiem need. 1860, Jan. 0. 

j for isai. ' 


ia ' of j 
NJ.D. iObs. I 
for 'ns«i! 
1880. ! ' 


i Total 

Sumnaarj Dwription from a 
Comppison of aE th» » 

OhsferratioiiB, &c. |, |^ 

mAK 


— — 

h 



H. i 

3312 

3441 , 

! 

3313 

3442 ; 


3314 

1481 ' 

11.383 

3315 

1483 ! 

L 243 

j33l6 

1482 

IL 777 

3317 

3443 


r 

1484'] 


13318^ 

= > 

11.549 ; 

1 

3445 J 

1 

3319 

1485 

II. 384 i 

3320 


II, 563 , 

'3321 

j 

1486 


3322 

3447 


3323 

3446 


|3324 

1487 

11. 346 ; 

13325 

3444 ^ 


3326 

1488 

in. 817 

3327 

3448 


3328 

1489 

' 

3329 

1490 


;3330 

1491 

11.536 , 

3331 

1493 

11.387 

',3332 

1492 

in. 613 

i3333 

1494 

IL386 i 

3334 

1495 


j3335 

3449 


13336 

1496 

11. 385 

3337 

1497 

I. 68 

.3338 


11. 299 ; 

3339 


III. 908 

3340 

1499 

i IV. 30 

3341 


i 11.644 

|3342 

1498 

J L 162 , 

3343 

1500 


13344 

1501 

II. 388 

3345 


III. 758 

3346 


III. 759 

3347 

1502 

11. 389 : 

13348 

1503 

HI. 83 

13349 

1504 


3350 

1505 

11.778 ' 

13351 

1507 

11.391 i 

13352 

1506 

111.614 : 

3353 

1508 

11. 390 

3354 

1510 

in. 363 : 

’.3355 


11. 300 

3356 

1509 

1.143 , 

13357 

1512 


‘.3358 

1511 

: I. 69 ; 

3359 

3450 


3360 

3461 

j ; 

|3361 


11.517 ; 

3362 

3452 


13363 


V. 3 

[3364 


' n.392 

^3365 

1614 

11.645 i 

13366 

1513 

IV. 47 1 

3367 

1515 


3368 

1516 

IL393 


12 49 6-0 +^326 1 ' 131 2 ^e-4 +1S-58 

12 49 6*1 ! 3-326 1 131 3 50*4 19*58 

12 49 9*7 ' 2-915 1 61 29 48*4 ' 19’58 

12 49 10-9 2-390 2 30 54 17*4 + 19*38 

12 49 20-0; 3-104 ! 1 96 3 28-1 19*37 

12 4Q 23*7 3*680 . 3 154 11 48-1 19*37 


12 49 48-9; 2-917 1 62 3 50-8 ' 

12 49 51-1 : 3*140 : 1 102 54 35*8 

12 49 51*8. 2-951 ' 3 67 33 15-8 : 

12 50 5-6 3-220 ! 1 ! II6 32 13-k 

12 50 6-4 3-321 1 129 59 36-8 

12 50 6-5 2-917 62 14 32-8 

12 50 7-9 3-899 2 I60 6 53-5 

12 50 11-1 2*680 1 36 56 44*8 

12 50 15-0 3-375 2 135 30 1*5 

12 50 23-4 2-725 1 40 26 12-o 

12 50 42-3 3-138 1 102 1 7 56-2 

12 50 42-5 3-060 1 B7 40 23-5 

12 50 45-5 2-906 2 60 4b 1-2 

12 50 47-5 3-087 1 92 51 26*2 

12 50 55-4 2-912 1:: 6l 49 5-2-2 

12 51 9*4 2-837 1 51 52 3-2 

12 51 45-5 3-571 2 148 50 34-2 

12 51 48-6 2*908 2 Gl 38 24-6 

12 51 59-8 3-151 1 104 17 2o-6 

12 52 1*7 3-152 1 104 31 34-6 

12 52 1-7 2*172 1 19 1 32-6 

12 52 22-9 2*852 2 54 23 0-3 

12 52 24-2; 2-832 1 51 56 32-3 
12 62 28*6 2-990 6 * 75 4 23-3 


12 52 41-1 , 
12 52 49-6 
12 52 58-9 
12 52 58-9 

12 53 0-1 

12 53 9-2 . 
12 53 17-4 
12 53 20-0 
12 53 24-0 
12 53 24-1 : 
12 53 28-3 
12 53 29*7, 
12 53 33-9 
12 53 33-9 
12 53 35-2 
12 53 37-9 
12 53 44‘3 
12 53 51-3 
12 53 51-5 
12 54 9-0 
12 54 9-5 
12 54 10-0 
12 54 10-5 
12 54 12-7 
12 54 26-8 
12 54 39-4 


2-903 , 1:: 

2- 903 . 2 

3- 102 1 

3-102 1 

2- 902 1:: 
2-999 2 

3- 106 1 

3-102 1 

2- 901 2 

3- 094 1 

2-908 1 

2- 900 1 

3- 147 2 

3-055 2 

2- 724 1 

3- 150 1 

3-257 1 

5*257 1 

3*069 2 

3*361 1 

3-060 1 

2-899 i 1: 

2- 823 ' 2 

3- 094 1 

2-719 ' 1 

+2*897 ’ 1 


61 16 45-3 

61 17 ^6-0 

95 20 33-0 

95 20 33-0 
61 16 45-0 

76 46 17-0 

96 5 50-7 
95 19 0-7 
61 15 23-7 ' 

' 93 50 3-7 
■' 62 21 3*7 
; 61 17 14-7 
103 11 32-7 
; 86 45 0-7 
42 1 50-7 
! 103 45 56-7 
1120 12 2-4 ; 
120 10 2-4 i 
89 18 31-4 ; 
■132 0 55'1 i 
; 87 35 32-4 ; 

61 23 44-4 j 
. 51 54 16-4 
93 47 23-4 
' 42 1 62-1 
61 21 47-1 


1 ieF;cS;R;#>Mipof2..,...: 

1 ieF; S; R;gbM;fof2 

1 ;vF; pi ‘ 

2 IB; pS; vlE; vgbM i 

1 if;S; K;bM 

3 iCI;pL;pRhiF;stlO..J8 , 

i 

2 ipB; L; pmEO^jfbM 

1 !F;cI 

1 .pB;iF;bM ' 

3 vB; vL; vtuE 12©°+; ; 1 

i bMSBN=: ?. : 

1 'F;S;R:gbM ! 

1 pF;v8;R;.-=bM*17;’*10,70-3 

1 vF;pL;iF 

2 •5;B;L;R;g,vsbM;stl2 

1 vF;S;iU;bM 

3 F; pL; niE; VgbM 

1 Neb;? * 

1 vF;3.8stsp 

1 pF; pL; pniE; VgbM; *nt'30 

2 pF;VL; K; vS* att 

1 cF; E; cr; *9f30'' 

1 ,F;pL;K 

1 eF 

2 a;L;pRi;!H;stlO 

2 F; S; K; p.^lbM 

2 B; R; psmbM; *13 up 

1 pB; pL; mbM 

1 eF; vS; iR; vlbM 

2 aF; pL; vmE30°±;bet2et 

1 pB; N; R; mbM 

6 ,B; pL; mE 90"; sbMN; 
S*inv. 

l;;btof 5; *7 « 

3 eF; S; R; *7i!; 2nd of 5 ... 

1 vF;vN;pof2 

1 vF;vS;Fof2 

l;:3idof5 

2 ,cF;pL;R;vglbM;r 

1 vF;S;E 

1 pF; cS; E; pfibM; Snp...... 

2 pB; pmE; bM; *7n; 4tb o{5 

1 ,cF;S;iR;bM 

1 vF - 

; 2 ,pF; S; R; *7n; 5th ol 5 .... 

2 I ; 

3 cB; cF?; * 10 att 135°+ 

, 1 lpF;S;R;gbM : 

i‘ 1 ,pB; pL; iR; Btar 

1 1 vF; cS; R; tatt; pof2 ; 

; 1 vF;vS;R;M;fof2 

; 2 pB;pS;R;bM.. 

r i 1 eF; 3 or 4 st 11, 12,f 

^ 1 ieF;vL;rr 

3 1: :1st of 3 

i 2 :pB;cS;R;smbM; *l7np.. 

3 1 pB; S; R; bM; stellar? 

] 1 eF;S;E;bM 

] 2 ‘F; pi; 2nd of 3 
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Sa 

«f 

Eefeeneesto 

' Annual ; 

1 | Ho. 

Asc^mn , in 'of 
for 1 RigM , Ohe. 

18&), Jan. 0. ! Asdsnsion : Used. 

1 for 1880. 

' Annual ! 

Hor& Polar : PtroessKm ; Ho. 

Distance ' in of 

for , H.P.I). ' Ohs. 

1800, Jehi. 0. ! for . used. 

' 18k0. 

Summary Besmptiou focuu a 
Comparison of all the 
Observations, Remarks, Ac, 

TotJ 
Ho. rf 
tiam 
&f C^. 
I 7 b. 

andH. 

gir J. E.'sl 
Catalogues 
of Hebul®, 

Classes ' 
and Noh. ; 

Cttser 

Authorities. 


r 

h. 

H. : 


h m h ; 

s 


/ 

„ ; 




3369 


1518 

IL 394 i 


12 54 42*9 +2*897 

1 

61 24 48*1 + 19+7 , 

1 

vF; Srii of 3 

2 

3370 


1517 



12 54 50*7 

3*154 

2 

104 13 10*8 

19*46 , 

2 

cF;L; ^1E45-+ 

4 

3371i 

1519 

li. 779 


12 54 51-3 

3*112 

1 

96 57 43*8 , 

19*46 

1 

cF; S 

2 

3372 


IIL 364 


12 55 1*9 

2*895 ' 

1 

61 12 29*8 i 

19*46 1 

1 

vF 

1 

3373 


3453 

IL 190 , 


12 55 43*0 

3*115 

1 

97 19 31*2 

19*44 : 

1 

,F; pS; vlE; glbM 

4 



IIL 760 


12 .5] *7 

3*115 

1 

97 22 30*2 

19*44 ' 

1 

cF;vS;ll 

1 

3375’ 

3454 



12 56 14*8 

3‘*358 

1 

130 39 45*9 ' 

19*43 

1 

vF; R; A2.t8,9, f 

1 




III. 818 1 


12 56 20*2 

2-663 

1 

38 47 27*9 

19*43 : 

1 

cF;S;K;vgIbM 

1 




IL 191 1 



3*1.36 

1 

100 44 59*9 ■ 

1^43 ' 

1 

pB; pL; iR 

0 

3378 


3456 


12 56 38*5 * 

3-263 

2 

119 46 26*6 

19+2 

2 

pB; S; R; bxM; tf6^ 

1 

3379 


3455 



12 56 42*6 

3*425 

1 

136 28 2*6 

19-42 

1 

.'(r‘F ; 8 ; K ; p oi 2 

. 1 

3380 


1521 



12 56 48*3 

2*646 

1 

37 55 20*6 

19*42 

1 

cF; K; psbM 

. 1 

3381 


3458 

IL561 


12 56 56*5 

3*129 

1 

99 35 40*6 ; 

19*42 

1 

pB;L; R;gmbM 

2 

3382 


3457 



12 56 58*2 

3*426 

1 

136 29 22*3 

19*41 

1 

F; S;R;fof2 

. 1 

3383 


1520 

1. 40 


12 56 59-1 ' 

3*101 

2 

94 48 23*6 ; 

19*42 

2 

pF;L; E;gbMBN;r .... 

. 3 



TTl. 



.3*11.3 

1 

96 55 28*6 

19*42 

1 

vI ; S 

. 1 

3385 


1522 

11. 395 


12 57 6*0 

2*887 

1 

61 3 42*6 

19-42 

1 

;F;8;B;bM: ^9iifl' .... 

2 

13386 


3459 


A. 411 

12 ,57 14-1 , 

3*455 

1 

138 32 6-3 

19*41 

1 

13; vL; vinE .38’'*7 

. 1 

;3387 


3460 



12 57 32*1 

3*388 

2 

132 50 51*0 

19-40 

2 

B; p8; R; gpmb.M; p of 2. 

2 

13388 


3461 

t 


12 57 34*1 

3*306 

1 

124 35 6*0 

19*40 

1 

F;pL;R;vglbM .......... 

. 1 

13389 


3462 



12 57 40*2 

3*387 

2 

132 45 46*0 

19-40 

2 

cF; S; R; psJbM; f of 2.... 

. 3 

3390 

1523 

IL 188 


12 57 43*2 

3*107 


95 45 18*0 

19*40 

2 

F; pL; iE; r 

.. 3 

,3391 


1524 

11.396 


12 58 15*4 

2*877 

4 

60 7 28*7 

19*39 

5 

F; 8; K; psbM^ll 

.. 6 

3392 


3463 



12 58 18*4 

3*329 

1 

126 48 31*4 

19-38 

2 

vF; p.S; am 3Sst 

.. 3 

3393 

1527 



12 58 23*9 

1*6.56 

2 

, 13 50 36*4 

19-38 

2 

v-F; S; B; vgbM 

3* 

,3394 

3464 



12 58 26*1 

3*263 

1 

119 0 14*4 

19-38 

1 

F;cS; RjgbM 

.. 1 

13395 

1525 

11.413 


12 58 26*5 

2*825 

0 

54 4 20*7 

19-39 

2 

pB; cS; R; &mbM 

.. 4 

13396 

1526 

IL 397 


12 58 27*1 

2*888 

1 

61 40 48*4 

19-38 

1 

F; 8 ; R 

.. 3 

i3397 

3465 

L 130 


12 58 31*6 

3*116 

1 

97 15 49-4 

19-38 

1 

vB-^pSiEOHibMBX.... 

3 

\sm 

1528 



12 59 2*4 

2*840 

I 

56 4 6*1 

19-37 

0 

eF; 8; R 

2 

3400 

1529 

11. 398 


12 59 4*5 

2*885 

1 

61 30 58*1 

19-37 

1 

F; S; IF 

.! 2 

3401 


ill. 303 


1 59 9 + 

2*874 

1 

60 10 -?6 l 

19-37 

1 

eF; vS 

.. 1 

i3402 

1530 

II 663 . 


12 59 27 ‘3 

2*7M 

2 

47 31 10*8 

19*36 

2 

F; vS; R; stellar; vS^its.... 

.. 3 

i3403 

1532 

Ill 779 


12 59 28*4 

2*537 

1 

32 55 57*8 

19-36 

1 

cF; S; 1£ 

.. 3 

;3404 

3466 



12 59 33*6 

3*255 

' 2 

117 28 37*8 

19-36 

2 

vF; vL; cE; ygbM 

2 

13405 

1531 

III. 304 , 


12 59 3.5*3 

2*873 

2 

60 12 10*8 

19-36 

3 

ivF; vS; vlE; vglbM; *sp, 

...! 4 

,3406 

1533 

IIL 78a 1 


12 59 35*4 

2*588 

1 

35 40 40*8 

19-36 

i 1 

vF; S;E; *att 

2 

13407. 

3467 



12 59 37*3 

3*221 

1 

112 ^5 45*8 

19-36 

! 1 

F;pL;R;glbM 

1 

,3408 


1 IIL 765 1 


12 59 57*7 

3*224 

' 1 

113 15 24*5 

19-35 

I 

vF; pL; iF 

1 

13409. 


III. 937 ; 


13 0 17*3 

1*670 

1 

13 57 22*5 

19-35 

1 

,vF;S;iR;bM 

1 

13410: 


III 781 , 


13 0 18*4 ■ 

2*582 

1 

35 38 40*2 

19*34 

I 

vF; S 

.. 1 

;34ll 


, III. 782 ! 


13 0 32*3 

2*580 

1 

35 36 40*2 

19*34 

1 

■vF: S 

..' 1 

3412^ 

1534 



13 0 36*8 

3*099 

1 

94 16 0*9 

19*33 

I 

vF; vS; R; psbM 

... 1 

13413 

3468 

, 


il3 0 40*4 

3*480 

1 

138 45 23*9 

19-33 

1 

B; pL; R; gmbM 

i 

13414; 


IIL 780 i 


13 0 41*9 

2*540 

1 

33 34 22*2 

19-34 

1 

cF; S 

1 

b415, 

1535 



13 0 57*8 

2*948 

2 

70 50 8*9 

19-33 

0 

F; vS; R; sbM; stellar .... 

' 2 * 

j34l6, 


III. 346 


13 1 8*2 

2*902 

1 

64 29 21*6 

19-32 

1 

eF;pL;lE 

1 

1341 7- 

3469 



13 1 29*8 

3*264 

1 

117 53 57*3 

19-31 

! 1 

eF; eS; R 

1 

13418! 

1537 

i IL 189 i 


13 1 .32*2 

3*111 

1 

96 1 35*3 

19-31 

1 

B; pL; R; *9sf 

4 

1341 

1. 


1 III. 365 i 


13 1 32*5 

2*873 

1 

60 56 21*3 

19-31 

1 

VF 

.. 1 

j3420; 

1536 

, 11.301 I 


;13 1 33*1 

3*168 

2 

104 45 42*3 

19*31 

; 2 

B; t.L; 11; psmbM.... 

.. 3* ' 

j3421 


1 IL 185 1 


13 1 40*9 

3*102 

1 

94 36 21*3 

19*31 

: 1 

+* ■ . iF* pR#nr 

... 1* i 

3422 

1539 

! IIL 654 1 


!i3 1 50*4 

2*743 

1 

47 34 57*3 

19’31 

1 

vF; vS; R; IbM 

.. 2 i 

3423, 

1538 

1 IIL 401 I 


[IS 1 51*4 

2*811 

0 

54 3 8*3 

19*31 

2 

vF; S; Jt; stellar 

..: 3 1 

3424 

1542 

; 11.815 

! 


113 1 54*5 

2*599 

1 

, 37 18 52*3 

19*31 

: 1 

•vF; v8: stellar 

2 

3425: 

3470 

1 


jl3 1 54*7 

3*404 

1 

132 21 15*0 

19*30 

1 1 

vF; 8: E; r 


j3426i 


! 

Abw. N. 31 

113 2 1*0 

3*099 


94 38 51*0 

19*30 


A neb (Markree Obs. Apr. 9> 0* 

1 



1 


j 






1852). 


13427; 

1541 

i 


!13 2 6*3 

2*993 

' 1 

77 37 1*0 

19*30 

1 

vF; 8; IE; 2Ssts 

., 1 

i3428i 


i IIL 766 i 









1 








i 

IIZ 00 Zi / 

iir~3 




j3429i 

3471 

1 1 


il3 2 15*9 

+ 3*219 

' I 

111 48 8*7 

+ 19*29 

I 

pF; cS; R; slbM; amst.... 

. 1 


p2 
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Sm 3. I. W. HEBSCHEL'S CATALOaUE 


Eeferenees to 


No. 

of ] I , 

j Oata* Sir J. H.’b jSir W, H.’s Other 
jlogue .Catalogues I CW j Authorities, 
jof hiebuk, . and Nos. ! 


1 fl540~] I 
|3430<( = VI 

’ [3^72 J I 

3431 ' 

3432 1543 

3433 1544 
3434| 1545 


i Annual l 

Eight i Precision | No. 
Ascension j in • of 
for i Eight I Ol». 
1860, Jan. 0. j Ascension t'used. 
i for 1880. j 


H. 

j — 

j h 

m 3 1 

3 j 

I. 42 

il3 

2 23-2 '! 

+ 3*118 ! 2 

m. 819 

|13 

2 29*4 ! 

2*616 j 1 

11.537 

;i3 

2 32-9 

3*057 ' 1 

III. 366 

']3 

3 5*6 

2*863 ; 1 


13 

3 37*61 

2*558 ; 1 

HI. 655 

43 

4?i5*2; 

2*704 1 

III. 305 

13 

4 20*5 ! 

2*852 , 1 

I. 96 

13 

4 28*5 : 

2*781 2 

III. 848 

13 

4 34*7 

2*340 1 


D’ Arrest, 93 13 

4 37 . 

3*05 [1] 

III. 820 

13 

4 45*5 , 

2*610 1 

I. 85 

13 

4 48*8 , 

2*907 2 


13 

4 50*5 ; 

3*175 1 


13 

4 51-7 

3*419 3 

11.414 

13 

5 2*2 

2*787 1 

11.637 ' 

13 

5 7*5 

3*097 (1) 

11. 356 

13 

5 7*9 

2*897 1 

III. 669 

13 

5 28*3 

3*183 1 

11. 746 

13 

5 30*7 

3*203 1 

III. 545 

43 

5 36*5 

3*036 1 

II. 129 , 

13 

5 42*5 

2*982 3 


13 

5 46*2 

2*66;{ 1 

11.664 ^ 

13 

5 55*8 

2*692 2 


M.53 13 

6 2*0 

2*941 5 


North Polar 
Distance 
for 

1860, Jan. 0. 

Annual 

Preceraion 

in 

N.PJ). 

for 

1880. 

No. 

of 

Obs 

used. 

gummaiy Description from a 
Comparison of all tiie 
ObservatioBa, Semarb, &c. 

Total 
No. of 
times 
of Obs. 
by A 
and H. 

97 

5 

2*7 

+ 19*29 

0 

pB;pL 

; R; vgpmbM; #8 np 

6 

38 

34 

I9!7 

19*29 

1 

vF 



1 

87 

35 

35*7 

19*29 

1 

cF 

pL 

; R;lbM;er 

2 

60 20 39*4 

19*38 

1 

cF 

pS 

IE 

2 

35 

44 

^8*1 

19*27 

1 

pF 

S; 

iRigbM 

1 

47 

07 

>-> 

18*5 

19*25 

1 

vF 

pS 

IbM 

1 

59 36 

40*5 

19*25 

2 

vF 

vS 

vIE 

3 

52 

11 

9*^ 

19*24 

a 

vB 

vL 

; vmE 25°; vsbMN.,. 

4 

27 

7 

16*5 

19*25 

1 

vF 

vS 


1 1 

63 

51 

42 

19*24 

[13 

pF 

pL 

; R 

I 0 

39 

9 

53*2 

19*24 

1 

vF 

R; 

bet 2 vS st 

1 2 

66 

20 

21*9 

19*23 

2 

pF 

cL 

E 17’*0;biN, *9f 

i 3 

105 

3 

9*9 

19*23 

1 

vF 

11; 

bM; ♦ 10 np 5' 

i 1 

132 

21 

4*9 

19*23 

3 

pB 

clS 

R ; am 4 st 

3 

52 

58 

43*9 

19*33 

I 

pF 


E; p.sbM 

I 2 1 

93 36 

2*6 

19*22 

1 

F:cL: 

iR;lbM 

1 2 i 

65 

12 

15*6 

19-22 , 

] 

pB 

.s 


' 1 1 

106 

0 

52*6 

19*22 

1 

vF 

K; 

!)M 

2 i 

108 

46 

4*3 

19*21 

1 

oB 

S; 

R:mbMpBN 

■ 1 

84 

31 

7*3 

19*21 

1 

vF 

\S 

liter 

: 2 1 

76 

39 

28*3 

19*21 

3 

cF 

cL 

vlE:ll)M 

4 ; 

43 

4 

1*3 

19*21 

1 

!»F 

t'S 

R: *12 Ilf 90 ' 

: 1 

45 

12 

45*3 

19*21 

2 

pE 

L; 

niE20';ilbM 

, 4 

71 

5 

3*0 

19*20 

5 

0; 

B; vC; 11 '; vvmbM; 

. 12 


3436, 1546 
3437 1547 
3438; 

3439 I 

3440 1550 

3441, 1549 
3442 ' 1548 

3443 3473 

3444 1551 
3445, 1552 

3446 

3447 1553 
3448- 1554 

3449 1555 

3450 1556 
345l| 1557 

3452 1559 

3453 1558 


3454 1560 

3455; 3474 

3456 1561 ■ 

13457. 1562 ' j 

3458 1563 111.367 i 

|3459 1564 I I. 97 i 


111.649 ‘ 


3460 

3461 ! 1565 
3462 

3463 ' 3477 

3464 3476 

3465 1566 

3466 3475 

3467 3478 

3468: 

3469 ' 

3470 ' 3479 
3471 , 1567 
3472 1569 


3473 , 1568 1 11.513 - 
3474 ' 1570 


HI. 909 : 

11.510 

11.816 i 


11.511 , 


III. 670 ‘ 
11.512 I 


VI. 7 


M.63 


13 


13 


! ni. 306 
: III. 307 ' 
i 1.138 ' 


1 


34751 1571 
3476 : 1572 
3477 3480 

3478; 3482 

3479 3481 ; j 

3480, 3483 i j 

|3481; 1573 111.308 

III. 312 I 
111.282 : 
III. 309 ' 


3483 

3484! 


1574 

1675 


6 10-1 
6 1.3*8 
6 16 * 8 . 
6 27*1 
6 45*9 
6 59*7 i 

13 7 19*4: 
13 7 33*0 
13 7 49*8 ^ 
55*8 ! 
13 7 56*4 ' 
13 7 56*9 
. 59*4 
!i 3 8 26*1 , 
13 8 26*7 
;i3 8 31*7 
;i3 8 46*5 
,13 9 0*0 
jl3 9 30*5 

'13 9 31*1 ' 
.13 9 31*9, 

43 9 38*0' 
il3 9 52*3 ’ 
!13 10 27*4 ' 
13 10 33*7 
13 10 33*9 
113 10 46*3, 
43 10 57*3 
13 11 14*2 
13 11 54*7 
43 11 55*9' 


2*826 
3*42.’) 
3*027 
2*646 
2*h6i 
2*775 . 


1*918 
3*185 
2*568 
3*243 
3*744 
3*184 
3*845 
3*283 ! 1 
3*185 ■ 1 
3*185 2 

3*283 1 

2*837 1 

2*938 


. I 


3*188 : 1 
2*699 I 1 


57 26 40*0 
132 12 57*0 
83 11 34*0 
42 10 39*0 
61 27 30*7 


2*821 1 
3*274 1 

3*358 ; 1; 

3*357 ‘ 1 

3*519 ' 1 

2*817 I 1 
3*227 : 1 
3*178 I 1 
+ 2*810 '1 57 47 16*5 


52 

39 

40*4 ; 

18 

36 

1 

12*4 ' 

105 

51 

1*8 ^ 

37 

58 

10*8 , 

113 

14 

29*5 ; 

149 

19 

9*5 ' 

105 

38 49*5 i 

152 

40 

25-2 , 

117 

40 

52*2 j 

105 

43 

13*2 1 

105 37 

43*2 

117 

35 

33*9 I 

59 33 

42*9 

71 

35 

10*3 : 

105 

53 

46*3 ; 

47 

13 

45*3 1 

58 

18 

9*3 1 

58 

13 

16-0 i 

116 

6 47*7 i 

124 

41 

30*4 i 

124 

35 

15*4 

137 

10 

22*1 

58 

10 

2*4 ‘ 

no 

22 

7*8 : 

104 

6 

53*5 


19*20 
19*20 
19*20 
19*20 
19*19 
19*18 ; 

19*18 i 
19*16 . 
19*16 ■ 

19*15 : 
19*15 
19*15 
19*14 
19*14 
19*14 
19*14 , 
19*13 i 
19*13 ; 
19*11 ! 

19*11 

19‘I1 

19*11 

19*10 
19*09 
19*08 
19*08 
19*07 
19*08 
19*06 
19*05 
+ 19*05 


, St 12 ... 

2 vF; S: 1 K; * 13 U 

3 oU; pL: U; gl)M; * 7 iil' ... 

2 IF; S; U;psb.\I 

1 ;F; vS; R; gi)M 

2 !vF; pL; ill 

2 ;vB; pi; EI 66 - 8 : 

1 smbMvBN; *np. 

1 |vF;vS;ll 

2 ;cF;pS; vlE;bM 

1 F; S; ir; vgmbM 

1 !F; L; K : vgvlbM; « 9 p ... 

1 jCl; P; E: scstll 

■ jpB;pL;Il;bM 

'Cl; vL; vRi; st 11 

:pF;R: 6 pof 2 

vF 

|cF;S 

:'Neb;nfof 2 

vF 

Cl; vF; pL; ill; vgbM;! 
stl 5 ... i 

F;pS;iE i 

vB; L; paiEl 20 ’+; i 
vsrabMBN. | 

cF; cS; R; p of 2 | 

cF ; cS ; R : f of 2 

vB;S;R;vsmbM;* 10 f... 

eF;vS;E;r 

eF; vS; R; 

B; S;R;pslbM 

jvF; cS 

'F;L;iR;bM 

1 ivF; pL; pmE 135 '-’+ ......... 

1 icF;vS. 
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No. 

of 

Cata- 

logue. 

Eeferenee 

SirX H.’s 
Catalogues 
of Nebula;. 

Sir W. H.’ 
Cla«69 
and Nos, 


h. 

H. 


ri 5761 



3485 

< = 


ni.117 


[ 3489 ^ 




05771 



3486 ' 

J = 


il .193 


3490^ 



3487 ' 

3484 

II. 566 

! 

ri 578 i 


3488 

i == r 

111.118 

I 

[3491 J 


3489 i 

1578 , « 


3490 ’ 

3485 


. 3491 : 

1579 

11.313 

3492 


II. 780 

3493 

.3486 


3494 


in. 724 

3495 

1580 

II. .327 

3496 

.3487 


3497 

.3488 


3498 

1583 

ill. 633 

3499 

1581 

in. 539 

3500 

1582 


3.101 

1584 

in. 650 

3502 

l .')85 


3503 

3493 

n. 5 G 7 

3504 

3492 


3505 


11.665 

3506 


n. 22 

3507 

1586 

111.619 

3508 

3494 


3509 

1588 

III. 808 

3510 

1587 

III. 119 

3511 

1.189 

II. 646 

3512 ' 


11.826 

3513 

3495 


3514 

1590 

111.368 

3515 ' 

1592 


3516 ' 

1591 

: III. 925 

3517 ’ 

3497 


3518 

3496 


3519! 

3498 ' 


3520; 

1594 

II. 666 

3521 ; 

3499 


3522 

1593 


3523 

3500 


3524 

1596 

II. 328 

3525 

3501 


3526 

1595 

II. 653 

3527 

1597 

II. 314 

3528 

3502 


3529 

1598 

III. 84 

3530 

3503 


3531 

3504 


3532 

3505 


35,33 

1599 

III. 402 

3534 

1600 

in. 403 

.3535 

1600, 

a 


3536 


IV. 70 

3o3/ 

1602 

11.667 


II. nova 


A. 312? 
A. 440 


R. nova 


Bight 

Ascension 

for 

1860, Jan. 0. 

Annual 1 
Prwwssion ' No. 
in ' of 

Bight , Obs. 
Ascenaon used, 
for 1880. j 

North Polar 
Distance 
for 

1860, Jan. 0. 

Annual 

Precession 

in 

N.P.D. 

for 

1880. 

No. 

of 

Obs 

used 

h m s 



0 





13 12 6*9 

+ 3*162 

2 

102 

0 

4*2 

+ 19*04 

2 

13 12 9-0 

3*161 

2 

101 

55 

11*2 

19*04 

2 

13 12 9-6 

3*285 ; 

1 

116 

50 

8*2 

19*04 

1 

13 12 14-9 

3*162 

2 

101 

57 

46*0 

19*04 

2 

13 12 + 

3*162 


101 

57 

+ 

19*04 


1.3 12 26*3 

3*285 

1 

116 

40 

17*9 

19*03 

1 

13 12 42-4 

3*236 

1 

111 

4 

37*6 

19*02 

1 

13 12 44*0 

3*258 

1 

113 

40 

5*6 

19*02 

1 

13 12 55-4 

3*469 

1 

132 

59 

25*6^ 

19*02 

1 

13 12 55*9 

3*226 

1 

109 

52 

4*6 

19-02 

1 

13 13 3-1 

2*818 

2 

59 

1 

33'6 

19-02 

2 

13 13 4-2 

3*470 

2 

132 

58 

39*3 

J9-01 

2 

13 13 8-.", 

3*470 

2 

132 

59 

51*3 

19-01 

2 

13 13 20'1 

2*702 

1 

48 

51 

23*3 

19-01 

1 

13 13 22-1 

.3*174 

1 

103 

20 

52-0 

19*00 

1 

13 13 24-5 

.3*085 

1 

91 

34 

7*0 

19*00 

1 

13 13 39-1 

2*787 

1 

56 

11 

1*0 

19-00 

1 

13 13 46*8 

2*786 

1 

56 

7 

15*0 

19-00 

2 

13 14 3-7 

3*289 

0 

116 

41 

.36*7 

18-99 

0 

1.3 14 4-5 

3*385 

1 

125 

54 

9*7 

18*99 

1 

13 14 9-9 

2*660 

1 

46 

10 

1*7 

18*99 

1 

13 14 34-0 

3*002 

1 

80 

46 

29*4 

18*98 

? ? 

13 15 G-1 

2*717 

1 

50 

42 

22*8 

18*96 

1 

13 15 12-3 

3*342 

1:: 

121 

36 

35*5 

18*95 

1 

13 15 14-4 

2*367 

I 

31 

.37 

0*8 

^ 18-96 

1 

13 15 32*9 

3*168 

*2 

102 

14 

3*2 

1 18*94 

2 

13 15 3b-3 

2*712 

1 

50 

31 

29*5 

! 18*9.-» 

, 1 

13 16 2-4 

2*359 

1 

31 

34 

28*2 

18*94 

1 

13 16 12-7 

3*345 

1 

121 

36 34*6 

18*92 

. 1 

13 16 19-0 

2*841 

2 

i 62 

17 

27*6 

i 18*92 

i 2 

13 16 19*0 

2*8-27 ' 

1 

, 60 

56 

38*6 1 18*92 

: 1 

13 16 24*5 

3*018 

1 

1 82 

52 

33*6 

18*92 

, 1 

13 16 35*7 

3*164 

1 

: 101 

33 

30*3 

18*91 

' 1 

13 16 37*7 

■ 3*939 

1 

152 

40 

50*0 

18*90 

! 1 

13 IG 46*4 

3*409 

2 

126 

57 

18*3 

18-91 

2 

13 16 59-8 

, 2*646 

1 

46 

10 

43*3 

18-91 

1 

13 17 1-9 

3*327 

2 

119 

34 

56*0 

18*90 

' 2 

13 17 2-8 

; 2*990 

1 

■ 79 

33 

7*0 

18*90 i 1 

13 17 5*0 

3*333 

1 

119 36 

57*0 

I8-9O 

i 1 

13 17 15*0 

2*790 ' 

0 

57 

42 

15*0 

18-90 

3 

13 17 15*1 

3*481 

4 

132 

17 

10*7 

18*89 

1 4 

il3 17 15-9 

■ 2*955 : 

3 

75 

17 

16*7 

18*89 

; 3 

il3 17 43*5 

3*240 

1 

110 

23 

21*4 

18*88 

1 

:i3 17 56*3 

: 3*325 , 

1 

119 

6 

14*4 

18*88 

] 

il3 17 59-6. 2*953 

, 1 

75 

31 

20*4 

18*88 

; 1 

13 18 19*5 i 3*811 

2 

148 

16 

44*8 

18*86 

' 2 

113 18 24-Oi 3*554 

2 

136 

34 

49*8 

18*86 

; 2 

13 18 27-3 

3*370 

2 

123 

9 

1*8 

18*86 

^ 2 

13 18 29-8 

2*730 

2 

52 

53 

5*8 

18*86 


13 18 39-8 

2*729 


52 

50 

44*8 

18*86 


13 18 39*8! 2*729 


.52 

49 

+ 

18*86 


ii3 18 48*6 

1*743 

2 

18 

45 

22*8 

18*86 

2 

il3 19 4*9 

+ 2*632 

1 

46 

0 

37*5 

+ 18*85 

1 


x^tascriptiOTi irom 
Comparieon of all the 


Total 
No. of j 
. times I 
lot Obs. ; 
, bv h. : 
:aml H. 


No description, one of a groupj 
! of four. i 


icB: cS; vlE 90°+ ; bf .. 

;F; 'L; R; vgIbM 

ieF; vS; R; 2nd of 4 

cF; vS;iF 

pF; pL: gbM 

pB; pL; R ; 3rd of 4 

cF; S; v!E: 4tli of 4 

vF;S;R;ibM 

cF; vS; R; gbM 

vF; iR; iif 11 sp 

vF: cS; R ; bM ; .«p of 
vF; S; bet 2 st; iif of 2 .. 

eB;pS;lE;p.4>^U 

vB; pS; B ; sviiibM 

pB; cS; E 

vF; vS 

vF;8;eE0'+ 


cF; S; cE 

|cF;cS; iR; glbM 
,F; L; iR; vglbiM 
F;S;E 


,pF; pS; piiiE; glb.M: r . 

'vF; L; A 2st 11 np 

'vF; S; R; gb.M 


XI; eR; mC; st 12.. .16 j 

jcB; P; R; psrabM; r j 

;pF; S; R; gmbM ! 

UF; S; vlE I 

pF; S; R; gbM j 

;vF; vS I 

;pB:pL; R;gmbM; *p i 

vB;vL;vmE 122-5; bifidi 

ipB; vS; R; gmbM; * f ! 

F;pS;lE;vgbM ' 

pB; S; E [ 

eF;vS;R;psbM i 

Cl; Ri;lC;st]l I - 

il!; 0; ctj Centauri I 2t 

|vF;S;R;glbM I 2 

icF- cS; R; vsmbM«; *12sp;; 3 

j sp of 2. j 

F; cS; R; vsmbM f; n of 2 ‘ 3 

vF i 0 

0 ?;eB; S; R;g,slbM 2 

pB; vS; vlE; gtbM ' ' 


■ I 
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SIB J. F. W. HMSCMIL’S 


Ko. 

I 

Gate- 


j wi»va- Sir J. H.^s Sis O^lisr 

|l(^eJCat^ogue8 €Ws Authorities. 

‘ jof AebuIsD,^ and JNos. 


Eefemiw to 


, Annual , 

l^t ' Piwegekm i No. j Tdtsr 

■' Aseesnsion : hi i (rf Distance 

forr E%ht Obs. r he 

1800, Jan. 0. ' AsecHMon U9«i.! I860, J»b. 0, 
' for 1880. ; i 


Annual , ! 

fteeesioii No. 
tft ‘of 
N.P.D. iObs. 
fer :use<L 
1880 ; 


Sunimary Deecription from a 
Oom^rison ef aB ^ 
Ohaerratioma, K*®jsBla, 4c. 


! Total 
IN®, of 
tiaws 
ofCfts. 

and H. 


3538: 

3539; 

3540 

3541: 

3542: 

3543; 

3544' 

3545' 

3546 

3547 


1601 

1604 
1603 

3507 

3508 

3509 

1605 
3506 

3510 

13548 1606 

13549 1607 

j3550 

|3551 3511 

3552 

13553 1609 

3554 1608 

‘3555 3512 

|3556 1611 

3557 1610 

3558' 1613 
13559 1614 

1612 


3560 1 


13561 
3562 ' iGlo 
i35€3 1616 

>3564. 3513 
13565 1617 

|3566 1618 

'3567 1619 
>3568 1620 

>3569 3515 
|3570 3514 

3571 1621 

3572 1622 

3573 3516 

3574 1623 

3575 1625 

3576, 

!3577 1624 
15072' 

3578 

3579 3517 

3580 3518 

3581, 1626 
3582 1627 

13583 1628 

13584, 1629 
13585: 1630 
3586, 1631 
>3587! 16^32 
'3588! 1633 
3589! 3519 
!3590: 1635 
>3591 1634 

3592 1636 

3593! 3520 
,3594! 3521 

,3595 1637 

I3596! 1638 


HE 115 ; 


13 

19 

8*3 

+ 3*167 

fl. 25 


13 

19 

11*5 

3*050 

111.404 ; 


13 

19 

47*8 

2*730 



13 

19 49*1 

2*926 

i i 


13 

19 51*7' 

3*328 



13 

20 

2*9 

3*329 



13 

20 

4*1 

3*329 

III. 405 


13 

20 

7*4 

2*728 



13 

20 

8*6' 

3*977 



13 

20 

17-7 

3*594 

III. 651 


13 

20 

49*5 

2*773 



13 

20 

59*9 

2*916 


D’ Arrest, 94 13 

21 

13 

3*02 



13 

21 

19*2 

3*373 

lil. 821 


13 

21 

34*6 

2*438 

HE 784 


13 

21 

38*4 

2*371 



13 

21 

47*4 

2*770 



13 

22 

3*3 

3*898 



13 

22 

8*6 

2*560 

V. 22 


13 

22 

17*6 

3*221 



13 

22 

2s*5 

2*920 

IIL 672 


13 

22 

28*5 

2*558 


i 

13 

22 

29-1 

2*974 

HE n 


13 

22 

37-1 

2*922 



13 

22 

49*1 

2*953 



13 

22 

51*6 

;i*32i 

IE 679 


13 

22 

54*8 

3*081 

IE 680 


13 

22 

59-8 

3*081 

IIL 642 


13 

23 

9*3 

2*952 

IIL 652 ; 


13 

23 

21*2 

2*774 



13 

23 

31*3 

3*400 


A. 252? 

13 

23 

41*0 

4*129 



13 

23 

50*0 

2*008 


M. 51 

13 

23 

55*4 

2*539 



13 

23 

57*1 

3*382 

1. 186 


13 

24 

4*4' 

2*536 

IF. 63 ; 


13 

24 

12*2 > 

2*264 

11.689 ' 


13 

24 

14*0' 

2*546 

111.406 


13 

24 

21*5: 

2*726 



13 

24 

32*0 


11.797 


13 

24 

39*9 

2*409 

111. 507 


13 

24 

52*2' 

3*142 



13 

25 

18*7' 

3*610 

III. 643 


13 

25 

21*9 > 

2*945 

HE 9 


13 

25 

26*6! 

3*003 

III. 10 


13 

25 

42*8 

3*003 

HE 99 


13 

25 

48*2' 

3*004 



13 

25 

54*1 

3*076 



,13 

26 21*9 

3*003 

: 111.6,56 


13 

26 

44*5 ' 

2*615 

> HE 926 


13 

27 

7-3 

3*009 

1 


13 

27 

10*2 

3*397 

i IE 84! 


13 

27 

14*9 

2*075 

i 


13 

27 

18*2' 

2*904 

: 11.842 

i 

13 

27 

21*3 

2*072 

' 

1 

13 

27 

47*5' 

3*583 



13 

27 

59*8 ' 

3*399 

•HE 86 


13 

28 

4*5 

2*942 

jHE 85 


,13 

28 

4*9 

+2*943 


101 35 25*2 
i 87 9 53*2 
, 53 19 49*9 ; 

■ 72 23 55*6 1 
118 50 27*6 ' 
118 54 24*3 ; 
118 53 62-3 

53 16 40*6 
^ 152 41 27*0 ; 
138 10 46*0 
57 17 26*7 

71 29 31*4 
83 16 42 

122 26 23-1 
36 28 48*1 ' 
33 47 3*1 

57 14 35-8 
150 12 3*1 

■ 42 38 21-5 
107 14 29*2 

72 13 18-2 
42 41 26*2 

78 16 4-2 

72 26 57-9 ' 
75 58 15*9 
117 25 21*6 
90 59 58*6 
90 56 3-6 
75 54 40-6 

58 8 37*3 
124 3 45*0 
155 15 11*7 ' 


71 8 20*0 

42 5 4*0 
122 30 27-7 
42 0 50-7 
! 30 51 32*7 
42 35 13-7 

> 54 26 31*4 
‘ 89 18 29*7 
' 36 12 12*4 

> 98 3 15-8 

■ 137 24 41*2 
' 75 22 53*5 
' 81 37 44*2 
' 81 67 21*2 

> 82 6 15*9 
‘ 90 18 50*9 

81 59 5-6 
47 24 36*3 

■ 82 47 49*7 
122 45 39-4 

' 26 33 53*7 

■ 71 25 26*4 
! 26 30 43*7 

1?|135 11 16-8 

1 122 44 13*8 

2 75 27 49-8 

3 : 75 32 20-8 


i +18*84 
I 18*84 
; 18*83 

! 18*82 
' 18*82 
; 18*81 
18*81 
18*82 
; 18*80 
18*80 
18*79 
18*78 
18*78 
■ 18*77 
' 18*77 
' 18*77 

18*76 
18*77 
18*75 
18*74 
18*74 
18*74 

18*74 

18*73 

18*73 

18*72 

18*72 

18*72 

18*72 

18*71 

18*70 

18*69 

18*70 

18*70 

18*69 

18*69 

18*69 

18*69 

18*68 

18*68 
18*66 
18*64 
18*65 
18*64 
18*64 
18*63 
18*63 
18*62 
18*61 
18*59 
18*58 
18*59 
18*58 
18*59 
18*56 
18*56 
18*56 
+ 18*56 


2 !vF; v8; stellar ......... ...... 2 

2 .pB; pL; vlE; vsrobM* 12...; 6 

2 oF; pS; E; bM; sp of 2 3 

2 >a';S;R;*nf 1 

2 icF; S; R; pslbM; *f2' 2 

l;:vF; 8; R; pofDneb 1 

1 pF; S; f of D neb ; 1 

2 vF; pL; R; Ilf of 2 3 

1 Cl;vRi 1 

2 pB; cS'; iE; glb.M; r 2 

3 F;pS;UE;bM 4 

^l/vF;R 1 

[2j.j)+. .Sec note 0* 

1 pF; E; vmE; pgbM; rr 1 

1 cF; stellar 1 

1 ;oF;.S;iH 2 

3 ,pF; pE; IE; ibM: for2 3 

2 (’}; vF; S; vRi; St 15 2 

1 sF; p!S; R I 

2 pF; E; ml- 128 *8; pffbM ... 4 

2 F;pE;R;gbM T 2 

2 F*. vS; R; stellar 5 

^ 

2 vF; S; R; am 3 St; f 7 nf... 3 

2 vF;S;R 2 

2 vF; pE; vlE; * 7nf 10' 2 

1 F; eS; IE; ghM; p of 2 3 

1 pF; pE; ill: bM; f of 2 3 

1 vF; S; iR ' 2 

2 vF;vS;R;glbM 3 

2 F; pL; vlK; TglbM 2 

1 !; B; pE; cE; bM curved 1+ 

axis; 4 St in V. ^ 

2 cF; S; R; bM; f 2 

4 !.'!,‘nucl&rirjg(li);spira!(R) lOf 

1 pB;S;R;g. psb.M 1 

3 B; pS; R; vgbM; f of2 6 

1 'pB;cL;iR;gmbM;r ' 2 

2 :pB;pL; R; mbM 3 

2 vF; V.S; IE 3 

... See No. 5072. 

2 pF;eS; R;vglbM 1 

1 vF;eS; R;gbM; r 2 

1 F;pL;R;vgbM 1 

1 F; S; cE; *11 att np 2 

4 F; vS; R; psbM; p of 2...... 6 

2 F; vS; R; stellar; f of 2 4 

1 ;F; S; R; psbMN 4 

1 (pB; S; R; psmbM ; 1 

1 >eF ! 1 

1 vF;S;R;lbM .......i 2 

1 vF;S;*9nfiBv?(?28"'R.A.}; 3* 

1 !eF; eS; # S and *p ....1 1 

1 pB; S; vlE ^ 3 

1 vF;S;R;bM ; 1 

1 +B;pL;R;gbM | 3 

1 :: vF; S; R; ntn, nr i I 

1 ■vF;8;R;*10f ’ 1 

2 ivF; S; vIE; 1st of 3 ! 4 

3 icF; S;R;bM;2ndof3......| S 


f 



01 AS& ausmim of sims . 


Ill 


0j4,eF | . f*®- ' 0*»- 

J 0 lpM.| Catalogues! ClassM \ ^Authorities. ilBGOj^a. 0. i Asceawon used. 

W Nebal*. i and Kos. ; ! 'for 1880. ' 


13597; 1639 
i3698 1640 

j35i^; ...... 

|3600 1641 

,3601 1642 

13602 1643 

1360.3 1645 

1,3604 3522 

13605 1644 


Annual 

Fd«r PiKoesBion 
Diabwcs in 

fer NJ'.D. 

1860, Jffli. 6. i for 


13606 3523 

13607 3524 

'3608 1646 

‘8609 

3610 ...... 

3611 1647 

'3612 1648 

3613 3525 


3614 1649 11.297 


f M. 83 V 


+ T ~ 

h Hi 

6 

S 







13 28 

5-2 

+2*943 

1 

75 37 21*8 

+ 18*56 

2 

.13 28 

6*2 

2*713 

3 

54 

34 

50*8 

18*56 

3 

13 28 

9*6 

2*422 

1 

37 

46 

37*8 

18*56 

i 

13 28 

15-0 

3*054 

(1) 

87 

53 

16*5 

18*55 

1; 

13 28 

16-7 

2*711 


54 29 21*8 

18*56 

2 

13 28 

31-7 

2*941 

1 

75 

35 

24*2 

18*54 

1 

13 28 

51-6 

2*711 

1 

.54 

36 

47*9 

18*53 

1 

13 28 

52*3 

3*666 

1 

139 

6 59*6 

18*52 

1 

13 28 

58*3 

3*008 

3 

82 

41 

27*9 

18*53 

3 

13 29 

9*0 

3*360 

4 

119 

9 31*6 

18*52 

4 

13 29 

20*8 

3*539 

4 

132 

8 

2*3 

18*51 

4 

13 29 

27*9 

3*000 

1 

81 

54 

44*3 

18*51 

1 

13 29 26-9 

2 430 

1 

37 39 33*6 

18*52 

I 

13 29 

29*9 

2*696 

1 

53 

43 

3*3 

18*51 

1 

13 30 

0*9 

3*041 

1 

86 

30 

48*0 

18*50 

1 

13 30 

4*6 

2*654 

.> 

50 

55 

41*0 

18*50 

2 

13 30 

17-1 

3*591 

2 

135 

9 

0*4 

18*48 

2 

13 30 

30*2 

3*234 

2 

107 

10 

.3*1 

18*47 

2 

13 30 

35*1 

2*985 

1 

80 

23 

32*1 

18*47 

1 

13 30 

48*6 

2*916 

3 

73 

18 

27*1 

18*47 

3 

13 30 

49*8 

2*409 

1 

38 

1 

30*1 

18*47 

I 

13 30 

53*0 

2*795 

1 

61 

51 

45*1 

18*47 

1 

13 31 

11*6 

3*025 

(ij 

1 

84 

46 

14*8 

18*46 

1 

13 31 

59*9 

3*390 

120 

55 

34*6 

18*42 

1 

13 32 

12*4 

3*174 

1 

100 

46 

55*6 

18*42 

1 

13 32 

21*9 

2*236 

2 

32 

10 

5tF6 

18*42 

0 

13 32 

32*9 

2*465 

1 

40 

59 35*6 

18*42 

1 

13 32 

45*5 

3*059 

1 

88 

26 55*0 

18*40 

1 

13 32 49-9 

3*058 

1 

88 

27 

15*0 

18*40 

1 

13 33 

1.3*6 

3*019 

2 

84 

13 

5*7 

18*39 

2 

13 33 

14*4 

0*995 

1 

14 

14 

14-0 

18*40 

; 1 

13 33 

26*7 

2*775 

1 

60 53 

12*4 

18*38 

; 1 

13 33 

43*5 

3-374 

1 

119 

12 

28*8 

18*36 

1 

13 33 

58*5 

2*660 

g 

52 

25 

32*8 

18*36 

2 

13 34 

2i *4 

3*665 

2 

137 

27 

41*9 

18*33 

2 

13 34 

32*8 

2*628 

4 

50 

30 

0*2 

18*34 

4 

13 34 

43*9 

3*196 


103 

9 

3*6 

18*31 


13 35 

3*6 

4*112 

2 

153 

11 

47*3 

18*31 

2 

13 35 

5*5 

3*026 

1 

85 

1 

44*0 

18*32 

1 

13 35 

40*8 

2*769 

5 

60 

55 

6*0 

18*30 

5 

13 85 

56*1 

2*670 

3 

53 

37 

45-7 

18*29 

3 

13 36 

8-6 

2*670 


53 

37 

45*7 

18*29 


13 36 

24*8 

2*248 

2 

33 37 

25*4 

18*28 

2 

,13 36 54-7 

4*131 

, 2 

152 

11 

45*2 

18*24 


13 37 

15*3 

3*985 

. 1 

148 

29 

24*2 

18*24 

I 

13 37 37-5 

3*757 

2 

140 

40 

6*6 

18*22 

, 2 

13 38 

48*2 

4*237 

, 2 

153 59 16*1 

18*17 

2 

13 39 

9*3 

2*5€l 

1 

47 

47 

33*4 

18*18 

1 

13 39 

17-9 

2*556 

, 2 

47 

33 

53*1 

18*17 

2 

13 39 

25*8 

3*397 

1 

119 

41 

12*8 

18*16 

1 

il3 39 

41*2 

3*405 

1 

120 

13 

12*2 

18*14 

' 1 

13 39 

55*7 

2*899 

1 

72 

59 

14*2 

, 18*14 

, 1 

13 39 57*1 

+ 2*233 

1 

34 

0 

24*5 

18*15 

1 

13 40 

20*5 

-0*151 

1 

9 52 

6*7 

18-09 

1 

113 40 

+ 

+ 2*511 


45 

28 

+ 

18*13 


13 40 31*6 

2*511 

1 1 

45 

37 31*9 

18*13 

. 1 

jl3 40 

39*5 

+ 3*401 

1 

119 

44 

21*3 

+ 18-11 

; 1 


Summarj Description from a 
Comparwn of aU the 
Ohservalionf, KemaAs, ix. 


icF ; pL ; R ; glbM ; 3r(Uf i.. i 4 
;F; cS; R; #IOp; p ofg ... S 

|CF;pS;iR;fcM 1 

:;vF:S;R g , 

•vF; vS; R; f of 2 4 

,F; L; E; vgbM 1 

F ; S; R; vS*nr 2 

;eeF; S; IE I 

;vF; pS; vlE; * 9 sp 4 

: r(H,h)vB; vL; E55“*in 

esbMN >6t 

I (L) 3-branchetl spiral. J | 

F; pL; cE; vglbM 4 1 

VE;pL;R;er 4 

cF;pL;R;vibM 1 

vF;pL;R;lbM 1 

eF; eL 1 

cE; pL; E 65'^; biN? 8 \ 

vF; .S; R; vglbM; *13att... 2 | 
f(H,h)cF; vL; 1 ! 

'•K 'S’ psnibMLN V4+ i 
{_ (L) 2-braiiched spiral J 

B; L; E 150®; psbMrN 3 

vF;S;R;bM 4 ! 

pB;S;R;vgbM 1 | 

vF; S; vlE 2 j 

vF;S;R;bM 4 j 

B; pL; E 45'“+ ; psmbM ... 2 

pB; L; pmE; glbM 1 

vF ; vS 2 

eF;vS;R;gbM 2 ^ 

vF ; S ; R ; bM ; p of I) ueb . . 2 

,F;S;'!R;fofDHeb 2 

,vF; R; am pB St 2 

,eF;S 1 

:cF ; S : luE §°+ ; * 9 sp 2 

vF;pL;R;vlbM 1 

F:cS;vlE:er 3 

B;pL: vlE:vgibM;3stnr. 2 

F:S: K;gbM;S^(tnp 4 

Aiiebula(MarkreeOb.s.l855) 0 ^ 

a:P;L;iF;stl2 2 , 

eF;S:btt2st 1 

! @ ; eB ; vL ; vsmbM; st 1 1 .. 14 ; 

cB; pL; R; g. psmWI 4 : 

F;i> 0 

F: £73'*0: DorbiX; B#nf\ 3 ' 
Cl; B; S; pC; iR; st 10...12! 2 
C1;L; vRi;st7...l6.........i 1 

0; vB; pi.; R; rrr; St 15... 2 ■ 

:Cl;S;C;iR;stl4 2 ^ 

:vF; vS; !E90'''±:sbM 2 : 

;cB; pL; £90^+; bMX 2 ; 

;vF:H:vlbM; I p 1 ' 

,pF; S; K; 2st nr 1 ; 

el-.vL;!’ 1 ; 

eF: 2 St atr or inv 2 | 


R; bM; is sp h. 1663 

cB; L; pmE 142®; gbM.... 
F;.s;R;gbM 
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So. I 

of i ^ ^ 

jCata- 1 Sir J. H.’8 -Sir W. H.’s; 
llogue., Catalogues | ClasM J 
j of Nebula?. I and Nos. ! 


Other 

Authontiee. 


Eight 

Ascension 

for 

1800. Jan.O. 


Annual j 
Precessiou: No. 
in ! of 

Eight I Obs. 

Ascension [used, 
for 1880. i 


3654| 

3655 

3656 

3657 
3658, 
3659 

3660, 

3661; 

3663 

5073 

3663 

3664 
[3665 

3666 

13667 

I3668' 

13669 

3670; 

'3671 

.3672= 

3673 

3674 

3675 

3676 

3677 
367 s 
3679, 

36801 

3681 

3682, 

3683 

3684, 

3685 

3686 

3687 
I 3688 

3689 

3690 ] 

3691 i 

3692 

3693 

3694 

13695 

13696 
3697 
:3698 
13699 
3700, 
370h 

3702 

3703 

13704; 

!3705: 

5074; 

3706, 

3707, 

37O8; 

3709, 

3710: 


h. 

3537 

1669 

1670 

3539 

1672 

1673 


North Polar 
Distance 
for 

1860, Jan. 0. 


j! Annual^ | 
i Precession j No. 

I in I of 
N.P.D. jobs, 
for ; used, j 
1880. i 
!- 


II. 533 ( 

11.688 


111.681 
III. 621 

16711 : i 

= >; 11.306 , 
3540J ! 

3541 I 

1674 ! 1.255 ' 


13 40 51*7 +4*064 

13 41 9*9 3*026 

13 41 13-7 

13 41 22-7 

13 41 40*0 

13 41 51*2 


2*456 

3*405 

2*605 


2*612 2 


149 14 42*0 
: 85 21 35*0 
; 43 9 25*1 
119 47 20*4 
; 51 0 17*4 
i 51 28 9*4 


I Total 

Suaimarv Description from a 
Comparison of all the I <■ 
Observations, Eemarks, Ac. j by h. 

« H. 


+ 18*10 : 
18*10 
18*07 
18*08 
18*08 ; 
18*08 ! 


1 iCl;vL;vRi .........i I 

2 lvF;vL;lE;vgbM ! 4 

1 !cF;L;vroE | 3 

1 F;S;Il;gbM j 1 

f)F: cS; IE; F| inv | 2 


eF; S; R . 


13 4151*7; 3*139 


96 31 46*8 ! 18*06 2 vF;vS;R;r 


3 


1675 

1676 

1677 


, 11.710 ' 

III. 422 
, II. 711 


A. 282 


13 42 11*8, 
13 42 19*9: 
13 42 38*3. 
13 42 57*5 ' 
13 43 37*6 
13 43 45*0. 
13 44 7*0 


3*782 

1*999 

2*571 

2-671 

2-567 

4-155 


140 30 34-2 i 
, 2s 18 58*8 j 

, 89 14 2*4 ; 

' 49 19 5*9 I 

55 41 13*3 i 

49 19 42*0 i 

151 


18-04 

18*06 


18*03 

18*01 

18*00 


O, or vF; eS; D neb If 

,B; pL; mE57°‘4; psbMBEX, 2* 
See No, 5073. | 

,eF; cS^ R;sbM,-pof2 3 

vF; R; stellar; 1st of 3 3* 


pB;pS; vlE;glbM;fof2 
Ci; pL; pC; St 11... 


1678 ' 


13 44 8*2 

3*014 

1 

84 18 29*4 

17*98 

1 

vF;vL: R:vgbM 

1 

1679 

III. 423 

13 44 22-4 

2*667 

1 

55 36 31*1 

17*97 

a 

I- ; S; K; p‘bM, 2iiti id 3 ... 

3<^ 

1682 

11. 669 

13 44 27*1 

2*539 

1 

47 56 ]3*1 

17*97 

1 

cl' . jiL: R; gb.M 

2 

1680 



13 44 28*9 

2*668 

1 

55 39 38*1 

17*97 

J 

eF; pL; K;-Vinh.M^ 


1684 

1.256 

13 44 33*4 

2*012 

1 

29 6 l6*l 

17*97 

1 

vB; jiL: ill : psuib.M 

2 

1689 

11.899 ' 

,13 44 38*6 

0*426 

1 

12 28 21*7 

1 7*99 

1 

vF; pS; lEO + 

2 

1681 ' 

11. 307 

1.3 44 43*6 

3*129 

1 

95 21 14-5 

17*95 

1 

cF;L-, iR;hM 

3 

1685 

11.712 

13 44 51*4 

2*570 

2 

49 44 8-8 

17*96 

3 

cl', S; >bM 

4 

1683 

II. 685 

13 44 52-1 

3*089 

1 

91 30 32*5 

17*95 

1 

1 ; pS; R; 2st p 

3 

3543 

III. 923 

13 44 56*4 

.3*388 

2 

117 4G 54-5 

17*95 

2 

pB, S, I!; dbM 

3 

1686 

III. 549 

13 45 5-2 

3-042 

1 

86 .58 26*2 

17*91 

1 

I- ; \ S; II ; ]isbM 


1687 

III. 929 j 

13 45 8-1 

.3-044 

1 

87 12 15-2 

17*94 

1 

V I ; S ; J. 0 ; ri- 

3 

3544 

! . . 

13 45 39*7 

3-737 

1 

137 48 .33-6 

17*92 

] 

vF; vS; R; *8 f 

1 


III. 665 , 

13 45 44-8 

3-078 

2 

90 25 29-6 

17*92 

2 

cF ; vL; II ; IbM; r 





3-036 



17*92 

1 

,F;iR 

1 

1690 : 

11.670 ; 

13 46 20-2' 

2-494 

1 

46 3 51*0 

17*90 

I 

cF;pL;R;psbM 

3 

1691 

III. 698 ; 

13 46 26-0 

2-56 1 

1 

49 37 37*0 

17*90 

1 

vF; S; iR; B^ifp 

3 


Ill 849 






1 



1692 

II. 308 : 

13 46 50*5 

3-147 

1 

96 54 11*4 

17*88 

1 

vF;S;K;U)M 

3 

1693 

11.686 

.13 47 2-3 

3*081 

1 

90 44 38*1 

1 7*87 

1 

F; .8; R: b.M 

3 

1693 

11. 424 

13 47 6-9 

2-661 

1 

55 49 32*1 

17*h7 

1 

pF;cL; R; IbM 

2 

1696 

11.713', 

13 47 25*5 

2*544 

2 

48 56 20*8 

17*86 

2 

cF' ; pL ; bM ; B njf p ; 1st of 4 . 

5 

1697 

II. 697 ; 

13 47 26*3 

2*588 

2 

51 23 43*8 

17*S6 

2 

cF;L:lE90";vgbM 

3 







1 


, f 2 neb in a line with \ 

j 

1697» «j 

i R. 2nov» 

! 

13 47 + 1 



51 23 + 

i ' 


'{ h.l697;bM. J 

i 0 

1700 1 

11.415 1 

13 47 32*2 

2-617 

2 

53 10 5*5 

1 17*85 

2 

cF; S; 11; IbM; * uf 90" ... 

i 3 

1698 ■ 

11.714 i 

,13 47 32*9 

2545 

3 : 

49 2 24*5 

i 17*85 

1 

pB; S;R;2adof4 

! 5 

1699 1 

11.715 : 

13 47 .33-2 

2*545 

3; 

49 1 24*8 

' 17*86 

1 

pF;S;K;.3rd of 4 

5 

1702 ; 

III. 699 : 

13 47 45-1 j 

2*543 

2 

48 57 33*2 

, 17*84 

3 

vF; pS; 4th of 4 

, 3 

1701 ; 

111.506 : 

13 47 56-1 : 

3*008 

5 

83 58 28*9 

17*8.3 

5 

F; pL; vaiElS'^; r 

' 7 

3546 j 


13 47 58*1 : 

3-422 

1 

119 38 52*6 

! 17*82 ^ 

1 

pF; S; R; glbM; bet 2st 10. 

; 1 

1703,«; 

1 R. nova 

1.3 48 4*7' 

3-009 


84 2 32*4 

: 17*81 


F; S; E (nisi = 01. 506) 

i 0 

3545 ’ 

* 

13 48 30-8 

4-752 

2*574 

2 

159 43 18-7 

* 17*79 

2 

Cl; vL; IRi; IC; st U 

i 2 


: 111. 682 

13 48 38*9 

1 

50 52 62*3 

i 17*81 

1 

eF;cS;E 

I 1 


: 11.671 

,13 48 58*8 

2*520 

1 

48 3 22-0 

1 17*80 

1 

pB; pL; E 

1 1 

1703 

i I. 6 

jl3 49 5*3 

3*009 

; 4 

84 3 32*4 

1 17*78 '■ 

4 

B; pL; R; psbM; *8nF...... 

i « 

1703, & 

i R. nova 

il3 49 5*3; 

3-009 


84 17 32*4 

1 17*78 , 


!vF;L 

! 0 

1705 

11. 534 i 

;i3 49 12*0 i 

3*011 

■0) 

, 84 18 20*4 

j 17*78 ; 

2 

,cF; L; R; gbM 

1 4 

3547 

I 

13 49 15*5' 

3*657 

; 2 

133 14 39*1 

! 17*77 

2 

[)B; cS; R; pgbM; arast ... 

; 2 


1 

13 49 18*6' 



89 31 9*0 

1 ! 


See 5074. 

1 .. 

3548 

j 

13 49 20*9 

3*581 

, 3 

129 17 44*1 

: 17*77 ' 

4 

.1; vB; vL; vl, vsmbM 1 

j 61 

1706 

111.786 1 

13 49 24*0 

2-192 

: 2 

34 58 35*4 

1 17*78 ; 

2 

j'F; cS; R; stellar; *l6 nf ... 

1 3 

1704 

111.285 

13 49 3.3-3 

3*125 

; 1 

94 48 28*8 

, 17*76 

1 

;vF;vS;R 

! 2 

1708 

11.843 

13 49 38*6 

1*943 

i 1 

28 37 31*4 

i 17*78 : 

1 

,F;S 

i g 

1707 

11 . 716 ; 

13 49 46*8 

+ 2*531 

i ‘ 

48 49 39*8 

: +17*76 , 

1 

:pB;L;R;bMFN 

; 3 
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No. 

of 

Cata- 

logue. 

Eefereuees to 

Eight 

Ascension 

for 

18G0, Jan. 0. 

Annual ' 
Precession 1 No. 
in 1 of 

Ei^t i Obs. 
Ascension used, 
for 1880. ; 

Annual ; 

North Polar ' Precession No 
Distance j in 1 of 

for N.PD. Obs. 

1860, Jan. 0. ! for !used 

1 1880. 1 

1 Total 

I Summarj Description from a ; 

' Comparison of all tlw i 

1 Observations, Eemarks, &c. 

1 ’ by h. 

J jandH. 

Sir J. H.*8 
Catalogues 
of Nebulff . 

Sir W. H.'s 
Classes 
and Nos. 

Other 

Authonti^. 



h. 

H. 



h 

m 

B 

s 



1 

i L 1 

3711 


1709 

III. 809 



13 

49 

48-6 

+ 2*031 

1 

30 39 35*1 

+ 17*77 ’ I 

'cF; S; E; ?| inv 1 2 

3712 , 

1710 

IL 889 



13 

50 

29*0 

2*999 

4 

83 12 55*9 

17*73 : 4 

cF; pL; R; vgbM; ijell np... 5 

3713 : 

1711 




13 

50 

36*8 

2*715 

3 

60 8 59*9 

17*73 3 

!pB;pL;R;lbM 3 

3714; 


II. 844 



13 

50 

38*7 

1*987 

1 

29 47 45*9 

17*73 1 

pB;cL ; 1 

3715 



1.238 



13 

50 

40-4 

1*986 

3 

29 48 15*9 

17-73 3 

cB; pL; vlE; vgmbM.... 3 

3716; 

1712 

‘ 1.187 



13 

50 

4M 

2*382 

4 

42 4 55*9 

17-73 4 

;B;L;mE40H;snibMK ... 5 

3717 ; 

1713 




13 

50 

47-4 

2*576 

1 

51 31 3.3-6 

17*72 1 

!pB; IE; vglbM 1+ ' 

37 I 8 

1714 

n. 698 



13 

50 

56‘6 

2*579 

3 

51 42 17-3 

17-71 i 3 

F;cS;R;snibM 4 i 

3719 , 

3549 




13 

50 

57-8 

4-119 

2 

148 54 29-7 

17*69 2 

Cl; Ri; vC; pL; St 11...12... 2 j 

3720 ; 


I, 239 



13 

51 

6-5 

1*973 

1 

29 35 14-3 

17*71 : 1 

■pB; pS; E; mbM 3 j 

3721 


1715 

III. 546 




13 

51 

15-6 

2*996 

1 

83 3 41-7 

17*69 i 2 

vF; vS; r; stellar 3 ! 

37221 

1715 , 0 ! ...... 

R. nova 

13 

51 

+ 

.. 


83 0 + 

i- 

F;S;R i 0 ; 

3723 


1717 

1.181 



13 

51 

17-9 

2*496 

1 

47 28 19*0 

17*70 ' 1 

ieB;cL;R;gbM ' 2 i 

3724 , 

1721 




13 

51 

19*2 

0*414 

1 

13 7 58-9 

17-73 : 1 

Cl; P; S 1 ! 

3725 


1716 

III. 547 




13 

51 

22*6 

2*996 

1 

82 58 36-7 

17*69 2 

'vF; vS; biN; r; stellar ...... 3 i 

3726 


1719 

1.240 



13 

61 

30-0 

1-968 

1 

29 33 27-0 

17*70 ' 1 

pB; pL; E; mbMN ' 3 j 

3727 


17 I 8 


........ 


13 

51 

3M 

2*524 

1 

48 52 36*7 

17-69 1 

P; L; vgbM; *9 nf ; 1 1 

3728 


1720 

III. 666 



13 

62 

10-9 

3*101 

1 

92 31 21*8 

17-66 1 

,vF;cS; R;gbM...- ! 2* i 

3729 ; 

3550 




13 

52 

33-0 

3*414 

1 

118 11 17*2 

17*64 1 

^'F;S;R;g!bM 1 j 

3730 , 

1722 

1 . 191 




13 

52 

34-9 

2-575 

2 

51 52 3-5 

17-65 , 2 

-cF; S; np of 2 3 

3731! 

1723 

1 . 190 



13 

52 

38-2 

2-575 

3 

51 53 52-5 

17*65 3 

ioF;cL;E15^*0;lb.\I;sfof2 4 

3732 : 


111.125 



13 

52 

39-4 

2-? 09 

1 

60 11 32-5 

17*65 1 

vF;S;lR;sbM» 1 

3733 


3551 




13 

52 

55*7 

3-492 

1 

123 16 22*6 

17*62 1 

vF;S;R;gbM 1 

37341 

3552 




13 

53 

10*9 

3*479 

1 

122 23 20-3 

17*6] 1 

pB; pL; R; vgb.M 1 

3735 

1724 

III. 411 



13 

53 

24-5 

2*618 

2 

54 32 37*3 

17-61 2 

,eF: vtr; praKgO-'- 

3736! 


III. 667 



13 

53 

31-9 

3*097 

2 

92 10 41*0 

17-60 : 2 

:vF;eS 1 2 

373/' 

1725 

III.412 



13 

53 

39*8 

2*592 

1 

53 4 6*0 

17-60 1 

,cF;cS;E 2 

3738: 

1727 

111.810 



13 

53 

41-9 

1*944 

1 

29 28 38-3 

17-61 , 1 

lvF;vS;R 2 

3739 


1726 

III. 683 



13 

53 

51'9 

2*557 

1 

51 8 1-0 

17-60 2 

;vF;pL;iF 4 

5075 






13 

53 

58-0 



89 13 53 


:SeeNo. 5075 . 1 

3740 ; 

1728 

11.699 



13 

54 

24‘3 

2*541 

2 

50 24 2-1 

17-57 2 

'F;pS;R:lbM 5 

3741 : 

1732 

111.684 



13 

54 

50*2 

2*535 

(0 

50 9 17*8 

17*06 1 

vF; vS; R; bM;inCl ' 2 

3742 

3553 




13 

54 

50*7 

3*632 

1 

130 44 6-2 

17-54 1 

|eF; E bet 2 vS St ' 1 

3743 

1729 

11.672 



13 

55 

0-0 

2*498 

1 

48 19 36-5 

17*55 1 

pF; pS; b.M 2 

3744 : 


Hi. 56 



13 

55 

0*2 

i 2-958 

; 1 

: 79 54 37*2 

17*54 1 

eF;vS;E;r 1 

3745 ! 

1733 




13 

55 

10-5 

1-647 

! 1 

' 24 24 32-5 

1 17*55 1 

pF;pS;R;pslbM ' 1 

3746: 

1730 

III. 11 



13 

55 

17-4 

1 2-974 

! 4 

: 81 17 11-9 

■ 17-53 4 

cF; S; R; psbM; *p ■ 5 

3747 , 

1731 




13 

55 

20-0 

! 2-978 

1 

81 38 22-9 

; 17*53 ; 1 

’vF;R:bM ’ 1 

3748; 

3554 




13 

55 

24-3 

' 3*501 

3 

123 17 44*6 

' 17-52 ■ 3 

;pB;pI.:R;gpnibM ! 3 

3749 

1736 

1.230 



13 

55 

44*4 

1 2-117 

i 2 

; 34 9 20-6 

; 17-52 2 

pB ; S ; pmE 45'+ : 4 

i 












1 

i vsvmbMN. i 

3750' 

1734 

11.309 



ha 

55 

59*7 

! 3*134 

' 1 

! 95 1^ 37*0 

i 17*50 1 

ipF;cL;R;ginbM;npof2..' 3f* 

3751' 

1735 

11.310 



13 

56 

3-7 

: 3*134 

• 1 

95 21 25-7 

i 17-49 1 

:pF;cL;R;sfof2 ! 3* 

3752 ' 

1738 

II. 827 



13 

56 

14*1 

i 1*945 

' 1 

29 58 35*3 

' 17-51 1 

pB;S;iE:mbM ' 2 

3753; 

1737 

III. 653 



13 

56 

26*8 

; 2*646 

. 2 

, 56 49 5*4 

j 17-48 2 

vF:cS;lE0+bM i 3 

3754' 

1739 

11.416 



:i3 

56 

57*7 

1 2*606 

; 1 

54 33 31*8 

’ 17-46 ' 1 

pF;cS;lE;bM; ^llsp ! 3 

3755 

1740 





13 

67 

18-2 

! 2*607 

: 1:: 

! 54 40 40-5 

: 17-45 1 

,vF; S ‘ 3 

3756 


1741 

H.417 



13 

57 

19-7 

■ 2*598 

3 

54 11 30*5 

1 17-45 3 

pB; pL; ivlE; vsinbM ‘ 4 

3757 

1742 

III. 413 

1 


13 

67 

25-7 

' 2-599 

1 

1 54 18 33*2 

1 17*44 1 

F;*13p 2 

3758 



H. 799 

H.O. 


13 

57 

26-0 i 2-080 

' 1 

: .33 30 33-5 

: 17*45 1 

,pF;L;E : f 

3759 



III. 57 



13 


30*0 



7a ao sft.Q ' 17 . as ' T 


3760 


1744 , a 

111.787? 

R. nova ? 

,13 

57 

30-5 

2-137 


35 5 18*3 

17-44 ... 

.B;’S; R; gnibM; conowirh 0 







i 




! 



' .M. iOl. j' 

3761 


1743 

11.691 



13 

57 

30-6 

2*293 

i 1 

40 9 16-2 

17-44 1 

:pB; cL ; v!nE 90 '^+: smbMN! 2 

3762, 

1744 , & 


R. nova 

13 

57 

32-8 

2*134 


35 0 28-3 

17*44 : ... 

vF* pL; gvlbM 1 all conn ! 

3763; 

1744 , Ci 


R. nova 

13 

67 

33*0 

2*137 


35 5 51*3 

17*44 , .. 

F-'pS- iR; glbH y tt'ith + 0* 

3764 


1744 , 


R. nova 

il3 

57 

41-7 i +2*13] 


34 57 41-3 

]7*44 1 .. 

:vF; pE;iR;v!bMj M.lOl.’ 

37651 

1747 1 

III. 947 


... il3 

57 

43-7 

-0*245 

i’::! 

11 5 51-1 

17-47 ' 1 

vF; pL: iR; vgvlbM | 3 



HI. 787 










\,p.vS I 

3767 


1744 , e 



R. nova 

13 

57 69'7 

+2*1. >3 
2*131 


35 2 3*3 

17-43 . ... 

+• pL: IE; vlbMl conn withi f O*' 

3768| 

1744,fj 

i 

R. nova 

13 

58 

2-8 I +2-134 

... { 

35 8 16*3 

+ 17*43 : ... 

lpB;pS;R;psbM/ M.lOl.jlO* 
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SIE .1. F. W. HEBSCHEL’S CATALOGUE 


I 


Sii'J. H's SirW. H.'s 
Catak>gue=i I Classes 
yi Isebul. 1 '. and Mos 


Other 

Auihonties 


i Kiijbt 
• Aseeiiaioii 

for 

jHiiO Jan. 0 . 


I Annim! ! 
Precession 
I in I 
Eight 
-bctnis on 
tor 


So. . Sorth Polar 
of Dwtanec 

Obs. for 
used , 1800 , Jan. 0 . 


Annual 

Precession Jfo. 
lit of 
N.P.D. Obs, 

I fop used. 

I'tHO. 


Sunimarj' Peseriptioti from, a 
Comparison of all the 
ObsciTations, Bemarks, &c. 


i 



h. 

li. ^ 



m s 



>3769 



D'+rre.-st, 95 

13 58 8 

+ 2-92 

[2] 77 27 4 ; 

;3770 

1744 


M. 101 

13 

58 12-9 

2-157 

1 34 57 25-3 ' 

13771 

1744,.; 


11. nova 

13 

58 14-1 

2-131 

... : 35 2 42-3 | 

i 

13775 



A. 431 

13 

58 39-9 

3-807 ' 

3 ; 1.37 38 52-1 I 

13773 

1744 ,/t 111.788? 

R.iiova? 

13 

58 49-8 

2-155 . 

... , 34 59 40-3 

13774 

1744 ,? 

III. 789? 

K. nova? 

13 

58 53-9 

2-122 

34 56 57-3 ; 

i3775 

3556 



13 

.59 1-0 

.3-449 

1 119 20 28-8 

|3776 

1746 , 

VI. 9 


13 

59 S-7 

2-700 

2 60 4s ])-l ■ 

|3777 

1745 ■ 

HI. 586 


13 59 14*1 

3-129 , 

] 94 46 56*5 

13778 


ni. 788 


13 59 19-3 

2-120 

I 34 59 23-1 

3779 


III. 789 


13 59 56-2 

2-118 

1 34 57 22-8 

3780 


III. 58 



13 

,59 30-1 

2 - 9.55 

1 79 57 25-5 

3781 

1745 . a 


R. nova 

13 59 30-2 

3-159 

: : 94 46 56-5 ' 

3785 

1748 , 

I. 531 


13 

59 50-7 

2-096 

1 34 25 50-5 

3783 


1.214 


13 59 59-3 

2-140 

2 35 40 2.V5 

3784 

1750 , 

I]. 800 


14 

0 20-7 

2-06i 

1 33 35 24-6 

3785 

1749 ' 



14 

0 34-6 

2-994 

1 83 17 26-0 

3786 

1751 

III. 287 


14 

0 49-1 

3-138 

(2) 95 25 38-7 : 

3787 


III. 790 


14 

0 5+3 

2-104 

1 34 52 19-0 

3788' 


III. 765 


14 

0 55*8 

3-085 

1 91 1 21-4 

3789' 


II. 692 


14 

1 24-6 

2-525 

1 38 37 3 8-1 

3790 


IL 693 


14 

1 45-5 

2*223 

1 3« 37 47-8 , 

3791 


III. 59 


14 

1 43-2 

2-958 

1 80 24 17-5 , 

3795 

3557 



14 

1 46-3 

3-704 

1 ,132 39 50-2 1 

3793 


III. 791 


14 

2 26-5 

2-073 

1 : 34 19 14-9 

3794 


1. 232 


14 

2 26-5 

2-073 

1 ■ 34 19 14-9 

3795 


II. 801 


14 

2 34-8 

2-071 

2 34 16 45-6 

3796 

3558 



14 

2 45-G 

3-520 

1:; 122 68 35-7 

3797 

3559 



14 

3 10-0 

3-775 

2 135 25 33-3 

3798 

1755 

III. 32 


14 

3 17-4 

2-846 

1 71 47 18-4 

‘3799 

1753 

11.890 . 


14 

3 59-6 

2-988 

3 82 58 10-5 

;3800 

1754 

II.- 876 


14 

4 1-8 

2-817 

1 69 43 4.1-5 

13801 

1755 

IV. 46 


14 

4 12-2 

3-126 

1 94 22 49-9 

i3802 

3560 



14 

4 16-2 

3-475 

1 119 59 46-6 

13803 

3561 



14 

4 2.3-5 

3-419 

1 116 26 51-6 ' 

'3804 


III. 674 


14 

5 5-6 

2*265 

2 ' 40' 46 9-3 

13805 

1756 



14 

5 13-3 

3-050 

1 ■ 88 5 4-7 , 

!3»06 

1757 ; 

11.687 


14 

5 59-1 

3-105 

1 : 92 32 43-5 

13807 

1757 * « 


R. nova 

14 

6 + 

3-10.5 

... 92 33 -r 

i3808, 

1758 ! 

IV. 49 


+ 4 

6 5-9 

3-104 

1 92 29 28-5 

‘;3809 

1759 

11.877 


14 

6 36-4 

2-801 

1 i 68 54 40-9 

13810 

1760 

III. 685 


14 

6 51-3 

2-482 

3 ' 50 1 53-6 

i381i 

3562 



14 

6 54-8 

3-848 

2 , 137 27 28-0 : 

i38l5, 


III. 676 


14 

7 49-9 

2-196 ' 

2 , 38 59 31-4 i 

13813, 

1761 ; 



14 

8 20-7 

3-010 • 

1 ; 84 56 4-5 1 

13814! 


III. 644 


14 

8 23-6 

2-871 

1 74 13 59-5 j 

3815!' 

1 


A 

! 




3816, 

> 1762 , a 


R. 3 novae 

14 

8 + 

: 2*723 , 

... ; 64 0 + 1 

3817' 

1 



! 



' i 

3818' 

1765 

III. 134 


114 

8 31-0 

2-725 ' 

3 : 64 0 55-2 : 

38191 

1764, a 


R. nova 


8 47-0 

2*53 ! 

:: : 52 56 57*7 

j 

f 

III. 804 

1 

! 




3820| 

1763<^ 

= 

> 

il4 

9 17*5 

1-899 1 

1 1 31 34 24-3 

1 

1 : 

IIL 835 

J 

i 


i 


3821; 

1764, 5 


R. nova 

'l4 

9 18-9 

2-53 1 

;; 53 6 33-7 | 

3822j 

1764 

III. 414 


jH 

9 40-1 

2-533 ! 

1 ; 53 7 33-7 j 

3823' 

35G3 



il4 

9 41 -8 

j 

3-742 i 

i 1 132 43 31*1 i 

3824' 



0’ Arrest, 96 

14 

9 53 

2-92 ^ 

![2]' 78 28 0 

38251 

[_ 

1765 

iri. 47 


114 

10 2-1 

I +2-92G : 

: 1 ' 78 32 18-1 ! 


Totid 
Ko.of 
times 
I of Obs.! 

bj li. 
land H. 


! 


1 + 17*40 
17*41 
17*41 i 

17*37 

17*39 

17 - 3 » 

17 - 3 G 

17*37 

17*35 

17-37 

17-36 

1 7*33 

17-36 

17-35 ' 

17-35 

3 7 - 3 J 

17*30 

17-59 

17-30 

17-57 
17*56 
17*55 
17-24 
17*53 
17-53 
17-52 
17*19 
17*17 ' 
17*18 
17*15 ' 
17*15 
17-13 
17*15 
17-15 
17-11 
17*09 
17-05 
17*05 
17-05 
17-03 
17-05 
17*00 
16-98 
16*95 
16-95 


16-94 ! 


F;pS 

;pB ; vL ; ill ; g, vgmb>IBSN« 5*f : 
jvF; pL; R; vlbM; conn with' 0* * 
! M. 101. ! 

Cl; vL; vie ; St 8 

!B; pS; R; psbM 1 conn witlii J 
pB;pL;iR;gbM/ M. i0i. it 


I 


pF; S; R; pslbM 

Cl; L; vRi; vmC; stli, 

F; L; R; vgbM 

vF; \S; 5iid of 31 inv in f 
vF;v8;3rdor3j M.lOl.t 

.eF; S; IE 1 

,pB;S:E..... 0 

pB;8;R;gb>I ' 3 

ipB:L;bM 5 

■pR; 8; pmE; bM 2 

f ; niE; vglbM 1 

;‘F;pS;iR 3 

vF;pL 1 

vF;vS 1 

F; pS; vgb.M; ))p of 5 1 

F; v8; smbM; stellar; sf of 2 1 

ieF;S I 

pF: vL; R; vgbM 1 

'vr;8;R;pof2 1 

cB; R; vgbM;fof2 1 

:F;pL 5 

;'F;R;*8Mir 1 

vF;S;R;bM 2 

,cF;cS: R;sbMF* 4 

pB; pS: R; gbM; r ; 5 

ipB;vS;E i 3 

pB; vS; R; psmhM*; *18iiiv.; 2 

pB;L; R;gbM:rr 1 

vF;S;R;bM;*sf j 1 

'cF;c8;iR ' 1 

ivF;S;rr i 1 

ipB;L;E20’ + ;lbM 3 

!3' dist from h. 1757 i 0 

,cF; S; R; stellar 1 3 

■pB;pL;iR : 2 

ivF; 8; vlE I 5 

■pF; S;R;psbM;8 » nf ...! 2 

F; S; IE; stellar | 2 

;F;8;R;bM ; 1 

jvF;vS;E;aDneb i 1 


>3 ‘‘knots” near fa. 1762 ...... j 0 


16-94! 3 F; pL; pmEgO"^; *10np 
16-93 i :-. leeF 

! 

16-91 I 1 ;vF; S; E; r 


16-89 : 
16-89 i 1 


ivF 


cF; pL; vmEllO‘'‘3; 

I vgvmbM. 

16-87 i 1 !; vF; proE: esvmbMf 12 , 
16*87 ![2]iF;S;R;ni.47flO»*4 .... 
! +16*87 I 1 IvF; vS;R; gbM; r. 
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i 

No, i 

of i ' 
Cata-; S 
logue. C 

■ of 


Eeferenccs to 

i . Annual 

i Ri/rht ; Prm’sston 
. Ascension in 

i for Eigrlit 

i l.'sfiO. .Jan. 0. AscenMon 
; for 1^80. 

Xo. 

of 

(>bs. 

U'5tA. 

Xortii Polar 
Distance 
for 

1800. Jan 0 

Aiinual 

'recession 

in 

X IM). 
lor 
l-Wl. 

Xo 

(0.S 

U'M-d. 

.Summary Description from a 
Comj,arisoii of all the 
Obttrvaimns, Remarks, Ac. 

Total j 
' Xo of ! 

tunc* 1 
iof (>bs,| 
i by h. 1 
'and 11. 

r,I. n.’s 
italogises 
>’ebuLi‘ 

Sir \V. 1138* 
C’liuws ’ 
and No'. 

01 hw 
Authuntie?. 

' 

h 

H. 


; h 

m 







s 


3826 

1/66 

11,418 


14 

10 

10-3 

+ 2*549 

3 

53 59 51*1 

+ 16-87 

3 

|)B : R ; vsniliM ; 2 or 3 st inv 

4 

3827 

1768 

III, 731 


14 

10 

40-3 

2*462 

1 

49 51 34-2 

16-84 

1 

cl* ; vS; R; ), ofi 

2 : 

3828 

1767 



14 

10 

43-5 

2-960 

1 

81 10 12-2 

16*84 

1 

r,pL;tF; 

, 1 ; 

3829, 


III. 805 


14 

10 

44-8 

1*789 

3 

29 20 6*5 

16-85 

3 

el* ; ^ S ; R ; stcilar 

3 ‘ 

3830 

1770,^^ 


R. nova 

14 

10 

4.5-3 

2*968 


81 39 52*2 

JG*85 


vF 

0 : 

3831 

1/69 

III. 732 


14 

10 

48-4 

2*459 

3 

49 45 41*2 ' 

16-84 

4 

cF; S: R; EbM 

0 

3832 

1770, /' 


11. nova 

14 

10 

53-9 

2-968 


81 46 46-.3 

16-83 


tF 

0 

3833 

1/71 

11.419 


14 

11 

8-5 

2*52 1 

2 

52 46 41*6 

16-82 

3 

F; pS; E80-’; DorbiN .... 

4 , 

3834 

1771.^' 


R. nova 

14 

11 

4- , 

2*521 


52 46 + 

16-82 


Makes I) or biN tub wit 

0 

3835 

1770 



14 

11 

13-9 

2*968 

2 

81 46 56-3 

16*81 

2 

pB;cS;gbM 

3 



111. 551 



] I 


+ 3*970 

0 

81 59 + 

16-80 




3837 


111, 948 


14 

11 

36*1 

-0-747 

1 

10 44 46-7 

16-79 

1 

t'F; vS': E0"+ 

1 

3838 

1773 

11. 194 


14 

11 

38‘1 

3-2720 

2 

64 12 39*0 

16*80 

2 

cF; pS; R; vsvinbil#- .... 

4 

3839 

1773 

IH. 553 


14 

11 

43-6 

2-970 

1 

81 58 40-7 

16-79 

1 

vF; vS; R 

3 

3840 

1774 



14 

11 

43-8 

2-897 

1 

76 27 5-2*7 

16-70 

1 

vF;cS;pmE 

! 

3841 

1775 



14 

13 

12-9 

2-701 

1 

63 4 49*B 

16-76 

I 

vF: S;1E 

1 

3842 

3564 



14 

12 

24-5 

3-475 

1 

118 36 20*5 

16*75 

1 

cF; L; S inv 

1 

3843 

1776 

1- 99 


14 

12 

33-5 

2-517 

2 

52 51 1 1*8 

16*76 

2 

Ml; S:R ;vsl>M* 

4 

3844 

1777 

111.347 


14 

12 

50-8 

2-723 

1 

64 32 41*9 

lG-73 

1 

vF: S; viL; bM 

2^ 

3845 

1778 

11.579 


14 

13 

1-0 

3-013 

2 

85 21 itr6 

16*73 

2 

f.F:cL;E;crbM 

3 

3846 

1779 

1. 144 


14 

13 

I6*5 

.3*014 

3 

85 25 7-3 

}6*7) 

3 

R; pL; R; })sb.M; r; ^i:-12 n 

4- 

3847 

1780 



14 

13 

20-8 

2-541 

1 

54 13 56-6 

16-7-2 

1 



1 

3848 

1779, 


R. nova 

14 

13 

2‘<-5 

3-014 


85 34 7-3 

16-72 


Place from MS 

0 

3849 

17s] 

III. 12 


14 

].] 

31-7 

2*967 

(i) 

Hi .50 21*0 

16-70 

3 

r:S:iR 

4 

3850 

1783 

1, 145 


14 

13 

53*1 

.3-02.3 

1 

86 G 53*4 

l6-6k 

1 

1>F, pS; IE; ]t oi'2 

2 

3851 

17H3 

1. 146 


14 

14 

M 

3-022 

1 

86 5 8-4 

16-68 

1 

h. S; R; vsmbM: f of -2..., 

2 

3852 

1784 

HI. 415 


H 

14 

31-5 

2-5.36 

2 

.54 9 46-8 

16*66 

2 

t F; cL; p of -3 

3 

3853 

1785 



14 

14 

4.5*4 

2-535 

1 

54 8 52-3 

16*64 

1 

l>B;S;rof2 

1 

3854 

17h6 

H. 754 


14 

15 

1*5 

2*440 

3 

49 39 28-3 

16*64 

3 

l.B;pS: R; b.MFX; . 

5 

3855 

1 783, fi 


li. nova 

14 

15 

5*4 

3*02 


>,5 53 .50 

lG-04 


L; F; \n5E 

0 

3856 

1790 

1. 2.35 


14 

15 

18-1 

1-909 

1 

3-2 38 5-9 

16*63 

1 

pF;L;iR: vsmbM. r .... 

3 

3857 

17i?7 

III. no 


14 

15 

.30-3 

2-879 

1 

75 26 38-0 

16*60 

I 

F;cS:HE;*8+ 

3 

3858 

1>9 



14 

) 5 

.30-7 

2*5.34 

1 

54 13 57*3 

16*6] 

1 

vF; HiffbM; #S5f 

1‘ 

3859 

1788 

HI, 416 


14 

1 5 

30-.^ 

2*531 

2 

54 0 13-3 

16*61 

2 

vF; S; 11 : np oi 2 

3^ 

3860 

1791 

HI. 417 


14 

15 

43*3 

2-532 

3 

. .54 9 17-0 

16*60 

3 

cF;S:R;bM*;Mof2.... 

4^ 

386 1 

3565 

HI. 934 


14 

15 

47-9 

3*474 

I 

118 1 55*4 

16*58 


F: .S; E:*ct!bM; r 

3 

38(;2 

3560 


A. .357 

14 

16 

13*4 

4*131 

] 

144 9 51-1 

16*55 

] 

Cl: vlRi; vIC: 5ti0 

1 

3863 


111.135 


14 

16 

3.5*3 

2*Gb9 

1 

62 58 37*- 

16-.56 

] 

cF; vS; ‘'Idiar 

l'^ 

3864 

3793 

HI. 123 


14 

36 

33*5 

3-291 

1 

106 5 6-5 

16*55 

2 

F; pL: R; vghM. p oj 2 . 

4 

3«65 

1795 

HI. 418 


14 

IG 

41*3 

2*480 

1 

52 14 23- .J 

16*55 

I 

eF; .-i; R ; stulldr 

2 

3866 

1793 

HI. 122 


14 

16 

46‘6 

3-292 

1 

106 7 34-2 

16*54 

3 

vF:L;^lE;v^lbM,ff,t2. 

4 

386; 

1796 

HI. 733 


14 

16 

497 

2-419 

1 

49 2 30-5 

1 6*55 

i 

F;vS;R;bM 

3 

3868 

1794 

HI. 937 


14 

16 

53-9 

3-978 

4 

82 46 50*2 

1C-.54 

4 

F; S;iE 

5 

3869 

1797 

11.177 


14 

17 

7-f, 

2*866 

1 

75 43 2-2*6 

16-.53 

1 

pB;p.8;KbM 

3 

3870 


11.694 


14 

17 

17-0 

3-134 

1 

,38 49 32*9 

16*53 

1 

pF; pS; IE; mbM ... ...... 

1 

3871 

1800 

IH. 734 


14 

17 

34-4 

2*414 

2 

48 58 44-6 

16-53 

2 

cF; pS; R; pbM 

3 

3873 

3799 

Hi. 668 


14 

17 

28*1 

3*107 

1 

93 34 12-0 

16*50 

1 

F; pS: R; vgbM*.; r 

2 


'17981 













i3873 { 

= )> 

Hi. 120 


14 

17 

32*1 

3*243 

2 

102 32 27*0 

16-50 

2 

\F; pL; R; V2b?tl 

3 

1 

3569 J 













,3874' 

‘3568 ; 


A. 313 

14 

17 

36*5 

4-345 

1 

148 59 58*4 

16-48 

i 

Cl; S;]-'C;stLAS 

1 1 

,3875 


II. .3.31 


14 

17 

43*9 

0-72G 

' 3 

17 47 31*9 

16*53 

2 

pF : cS ; ill : bM , or 


3876 

1801 : 

H.G73 , 


.14 

17 

48*1 

2*380 

1 

47 35 13*0 

16-50 

1 

F: pL: IF; vgIbM 

2 

!3877 

1803 1 

HI. 136 


,14 

18 

3*6 

2*714 

1 

64 45 34*4 

16-48 

1 

vF- S; pinEO '-r; ^-9 f 

4 

13878 

1803 ; 



:i4 

18 

6-3 

2*566 

' 1 

56 18 59*4 

16-48 

1 

F; 8; HM'M 

1 

13879' 

3567 i 



14 

18 

9*9 

6*643 

, 1 

167 46 0*3 

16-41 

1 

vF;F:gbM;r 

1 

i3880: 

1804 

11.420 


14 

18 

12*4 

3*530 

2 

54 29 56*4 

16-48 

2 

pB SblC^nbM 

3 

i388l'^ 












1 


j3882 >1804, ; 

R. 3 novaj 

14 

18 

+ 

+2*530 

! - 

54 30 + 

+ 16*48 


ji. 1 304 is D ; 2 others near . 

0 
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SIB J. r. W. HERSCHEL’S CATALOGUE 


i 

No. ! 

References to i 

' i 

1 Right 

Annual ! 
Precession j 

No. j 

North Polar 

Annual 1 

Prec«H^ion , No. jgmnmajyr Description from a 

Total 
No. of 

of ; 
Cata- 

Sir J. H.'s :Sir W. H.'s; Other 

I for 

Right 

of ; 

Obs.! 

for 

N.P.D. 1 

J Lompanson 01 ail tlie 

Olservatioas, R<?iuarks, &.c. 

I used. 

of Obs. 

logue.; 

Catalogues, Clashes j Authontm. 
ofJSebuisc. i and JNo.s. j 

]86lK Jan. 0. | 

i 

Ascension 1 
for 1880. 1 
j 

used.] 

1800, Jan. 0. 

for 

1880. 

by h. 
andH 


3884 1805 ’III. 419 14 18 31*3 +2*496: 1 : 52 54 5*8 i +16*46! 1 vF; S; cK,* vgbM; er.. 2 

3885 3570 I A. 302 14 19 23*2; 4*417 i 3 j 150 5 16*7 j 16*39’ 3 Cl; L; pUi; pCM; stS... ... 3 

3886 j III. 763; 14 20 1*3' 3*095 i 1 j 91 37 28*4 ( 16*38 : 1 eF; S ; 1 

3887 1806 i i 14 20 15*9 3*000 i 1 ! 84 33 53*8: 16*36= 1 vF; S; R; vgbM ! 1 

3888 111.319’ 114 20 17*6, 0*680 i 1 | 17 44 24*0 1 16*40; 1 eF; vS j 1* 

13889! 1807 HI. 14 | jH 20 54*8 ; 2*952. 1 i 81 7 26*2 1 16*34; 1 et*F; L; r ! 2 

3890 1809 111.677 44 21 3*9 2*177 ■ 1 i 40 48 47*2' l6*34 ; 1 vF; pS; vlE; vglbM j 2 

3891, 1808 I 11.329: :i4 21 12*5' 2*552 i 1 ’ 56 7 10*9! 16*33 I 1 cF; S; R; vsmbM; r | 4 

3892 1810 i : 14 21 25*6, 2*408 : 1 i 49 24 57*6 ! 16*32 1 vF;S;R;gbM | 1 

3893 3571 : I 14 21 35*0 3*508 1 1 119 7 31*7 ; 16*29 ! 1 eF; S; R : 1 

3894 1811 ' : 14 21 47*6, 2*907' 1 77 59 10*7! 16*29! 1 vF; vS; R; #9^p 1 

3895 1812 : : 14 21 59*6 2*685; 2 63 31 30*7 | 16*29 2 pF;S;R;gb.VI 2 

3896 1814 11.674’ 14 22 4*2 2*374: 4 : 48 6 50*7' 16*29 i *1 F; S; E 90°+; gbM ; 5 

3897 1820 I 1.236; 14 22 10*2 1*865 2 32 47 47*7 1 16*29' B; S; R; p^bMrN 5 

3898 ! ; Auw. N. 33 14 22 12*0 3*068 ... 89 49 7*8: 16*26 ... Ilf 150» (Bond, May,: 0 j 

: ■ : ■ ; ; ! i 1853). , | 

3899 1818 1.185; 14 22 14*2 2*243 ! 2 43 13 1.+4 ! 16*28 2 jcB; pS; R; pglbM ; 4 , 

3900 1813 I. 70 14 22 14*9 3*146 ' 1 ' 95 20 26*8 ! 16*26 1 i0; vB; cL; R; gbM; rrr; 3 i 

: , ; : i i ! ' * 8119: *17 sf. i | 

3901 1815 111.132 14 22 20*8 2*657 i 1 1 6l 57 59*1 ■ 16*27 1 ,F;S;E;.->bM 2 j 

3902 I8I6 11.580 14 22 34*6 3*020 ' 1 ' 86 5 58*2 16*24 I eF; cL; R; np of 2 2 

3903 1819 : 11.357 14 22 35*7 2*728 2 66 11 4*5= 16*25 2 vF; S; K; vgbM 3 ; 

13904 1817 ’ 11.581 14 22 36*8 3*020' 2 86 8 14*2 16*24 2 .cB; pL ; R ; ^f of 2 3 | 

13905 1817, a, R. nova 14 23 + 3*020 ,.... 86 8 + l6*24 , ... ;Makes a BD neb with I1.I8I7 0 , 

13906 1821 i ; 14 22 41*4 +2*602 ; 1 ; 58 58 19*5 16-25 1 ,vF; R; *7 p; *lls ; I ; 

'3907 III.949 14 23 2*9 -1*635 1 ■ 9 18 14*0 , 16*.30 1 :eF; S; IE ; 1 I 

3908 1822 III. 126 14 23 11*4 +2*608: 2 : 59 21 35*9, 16*23 2 |CF: ij; * inv; *12 nf ; 3 : 

i3909 3572 ; A. 469 14 23 40*3 3*826 2 ' 133 34 30*1 16*17; - +B;E: R; vglbM; stinv ...j 2 : 

•3910, 1823 i 11.150 14 23 43*8 2*964 i 2 ; 82 5 56*7 1 16-19 2 .cF; pL; iR ; gbM > 5 ^ 

13911 1824 i III. 645 14 23 54*1 2*867 ; 1 75 22 18*4 ! 16*18 1 ;eF;vS;npof2 ' 2 ; 

;3912 : Auw. N. 34 14 24 3*0 3*066 L.. 89 42 5*1 i l6*17 ... iN’eb R (Bond, May, 1853),.. 0 

;3913 1825 I 11.891 I 14 24 4*0 2*982 ' 2 ' 83 23 45*1 | 16-17 ' =2 pB; pL; GE; bM 3 

3914 1826 II. 3.30 14 24 7-8 2-583 1 ! 58 9 43*11 16-17 ^ pF;pS;R:bM 2 1 

;3915' 1828 111,420, 14 24 14-9' 2-478' 1 ' 53 0 46*8' I6-I6 1 F;8;E?;Jmv? 2 | 

j39l6 1827 i ! 14 24 17*5 2*868: 1 ■ 75 27 56*8; I6-I6 : 1 ietF;(*fof2 1 1 

j3917 1829 j 11.421! 14 24 34*5 2*499' 3 54 2 59‘5 ' 16*15 4 pF; pL; R; mbM; r ' 6 j 

13918 i '*Auw. N. 35 14 24 48*0 3*067 ' 89 45 4*8 I6*l6 ... |Neb; F; E{ Bond, May, 1853), 0 j 

13919 1831 ' I 14 24 52*7 2*686 1 , 63 59 8*9 i 16*13 1 .tF | 1 : 

[3920 1832 ; 11.695 ; 14 24 53*3, 2*122: 1 ; 39 45 49*2 I 16*14! 1 pB;L:iR;vgbM ; 2*. 

;3921 1830 11.692 14 24 59*9 2*977 2 , 83 7 34-6; 16*12. 2 vF; pS; iE | 3 

'3922 3573 i A. 342 14 25 7*9 4-256! 3 145 56 31-0' 16-10 2 jCl; L; pRi; 1C; st 9 | 2*; 

■3923 1833 : II. 27 i 14 25 31*6' 2*951 i 2 81 18 1.5*0 : 16*10 , 2 ,pB; pL; R; gb.M; r .,j 5 , 

13924 1834 ! ; 14 26 19*7 2-9l6 I 1 ' 78 51 33*5; 16*05 ' 1 'vF; vS; R; stellar ; 1 , 

3925 n. 807 14 26 22*6 1*686' 1 ; 29 54 6*1 ’ 16*07' 1 pB;pS;E0'' | 1 | 

3926 1835 11.574 14 26 22*9 3*002 i 2 ■ 84 55 54*5; 16*05, 2 ;F; pS; vlE; *14 inv ' 3 1 

3927 , 11. 79’ ,14 26 28*2 2*924 I 1 79 28 9*2; 16*04 ! 1 ;F;L;R;lbM;r 1 | 

3928, 3574 ' 14 26 28*4 3*887! 2 135 20 29*9! 16*03 ■ 2 VF; S; cE; bet2st 2 

3929' 111.882: 14 26 35*4' 0*865! 1 ! 19 44 5*4 i 16*08' 1 jvF;pL;K;bM 1 

3930 1836 ,111.310: 14 26 39*7 2*563 ; 1 i 57 43 21*2 1 l6*04 ; 1 ivF; vL; iR; IbM; Jp 3 

3931, 1838 ; 11.696 : 14 26 42*1 2*100 i 1 39 26 14*5 16*05 | 1 jF; S; cE; *15 np 2 

3932, 1837 I 11.893 14 26 53*5' 2*988 | 4 ; 83 55 1*9 16*03 4 !eF;pS;R;gbM 5 

3933 1839 i 11.422 14 26 53*6; 2*470 j 1 i 53 4 35*9 16*03 1 1 jF; pS; E; bM 2 

3934, 1843 ' 1.237 14 27 51*2 1*758; 1 ' 31 27 43*7 15*99: 1 :B; L; IE 0°; vgnibM 3 

3935 1842 I 1.189 14 27 51*31 2*110 i 1 . 39 55 14*7 15*99; 1 iB; E; E 45°+; pgbM; r ...1 2 

39.36 1840 i III. 283 14 27 55*2’ 2*678 1 1 ’ 63 54 56*1 15*97' 1 jvF; vS; R; r; 3ht9, 10np...| 2 

.3937 1841 ' 11.894: 14 28 8*6 i 2*988 1 2 ' 84 1 3*8 15*96, 4 jvF; S; R; *12a1t i 6 

3938 1844 ; HI. 421 j 14.30 6*5= 2*454 ! 4 ! 52 50 57*8 15*86 i 4 jF; cS; R; bM; p of 2 | 5 

3939 1845 i i 14 30 18*9, 2*454 1 I ' 62 53 2*5 15*85' 1 jvF;S;R;fof2 1 2 

3940, 1849 I If. 808 14 30 26*8; 1*902! 1 ' 34 53 55*5! 15*85’ 1 ipF; S; iF; r; tlO f 2 

3941 3575 I ; 14 30 28*4, 3*880 | 1 134 25 46*3,' 15*81 ' 1 F; S; vgb.M; amst 1 1 

3942 1848 ; 1.188! 14 30 29*8 ; +2*120 1 40 38 43*5 ; +15*85 1 1 ;cB; S; E 90°+; psmbM ...j 3 



OF kebulj: akd clfstees of stars. 


IIT 


No. I 

of ; — j p - 

Cata- j Hir J. H.’b .Sir W. H.’s Other 

logueJCatalogues; Classes Authorities, 

I of Nebula*. ; and Nos. 


i Annual 

Right ! Precession 1 No. 
Ascension | in of 

for i Right , Obs. 

1800, Jan. 0. ! A<icension ’used. 

; for 1880. 1 

North Polar 
Distance 
for 

1800, Jan. 0. 

Annual ■ 
Precession ; No. ' 
in i of 

N.P.D. Obs. 
for iused. 
1880. 1 

. 

Summarr D^cription from a 
Comparison of all the 

1 Observations, Remarks, &c. 

Total 
No. of 
tim^ 
of Obs. 
by h. 
and H. 

! h m 8 j s , I 

I i ' i 

0 . // 

i « i 

i 1 

j 


14 30 + ! +2-120 ... 

40 38 + 1 

; 1 

1 +15*85 1 ... 

3 novae, one mottled 

9 

14 30 39-7 3-032 1 1 

87 6 6-6 1 

15-82 3 

:vF; niEorhiN 140° + ;i(t6-7 p 

4 


3943 *1 

3944 >1848,, 

3945 J 

3946 1846 

3947 1847 

3948 1851 

3949 1 ,05, , 

3950 

3951 1850 

3952 1853 

3953 1852 

3954 3576 

13955 

13956 1854 

|3957 

13958 

|3959 1855 

;3960 1859 

3961 1856 

13962 1858 

;3963 

;3964 1857 
13965 1861 

,'3966 3577 
'3967 

13968 I 860 

13969 1864 

{3970 1862 
!3971 1863 

13972 1 

13973 >1865,, 
:3974 J 

3975 1865 

i3976 

|3977, 1866 


11. 582 I 
11.681 
11. 423 


R. 3 novae 


14 30 42-5 

14 31 38-1 

R. 2 novae 14 32 + 


3-070 

2-448 


89 46 46-6 
52 49 33-4 

52 50 + 


13978 

13979 


13980 

13981' 

3982 

3983 

3984 
3985‘ 
39861 

13987 

13988 
‘3989 
!3990! 

I3991I 

|3992 

;3993 

!3994i 

39951 

3996' 

3997; 

3998; 

3999 

4000 
40011 
4002 


3578 

1867 

1868 

1869 

1870 
ls7l 

1873 
1872 

3579 

1874 


3580 

1875 

1877 

1878 

3581 

1876 

1879 

3582 

1880 



|14 43 52*3 
14 44 58-6 
•14 46 13-3 
il4 46 16-8 
ll4 46 17-5 


2- 985 1 

3- 104 I 
3-003 1 
2-551 I 


1.5-82 

15-78 


pB; p8; IE; gbM i 3 

pB; cS; R; bM; r . 


15-78 ; ... 


II. 648 


14 

31 

38-2 

2-321 

(2} 

47 

36 

0-4 ' 

15*78 

II. 675 


14 

31 

38-8 

2-325 

1:: 

47 

45 

53-4 , 

15'78 

II. 700 


44 

31 

38-9 

2-404 

2 

50 

55 

57-4 ! 

15*78 

II. 196 


14 

32 

4-2 

3-477 

1 

115 

55 

37-2 : 

15*74 

III. 127 


14 

32 

12-5 

2-594 

1 

59 

53 

49-2 ! 

15-74 

II. 575 


14 

32 

12-8 

2-986 

4 

84 

1 

23-2 : 

15-74 

III. 894 


14 

32 

20-6 

2-754 

2 

68 

53 

19-9 

15-73 

III. 128 


14 

32 

26-5 

2-593 

1 

59 

53 

48-9 ‘ 

15-73 

11. 649 


14 

32 

26-6 

2-351 

1 

48 

52 

33*2 : 

15-74 



14 

32 

46-2 

2-.351 

2 

48 

56 49-6 ' 

15-72 

III. 895 


14 

32 

50-2 

2-760 

1 

69 

21 

2-0 ; 

15-70 



14 

32 

55*7 

+ 2-761 

1 

69 

24 

52-0 1 

15*70 

III. 950 


14 

32 

57-9 

-1-318 

1 

10 

33 

44-4 ' 

15-78 

I. 182 


14 

32 

59-9 

+ 3-068 

1 

89 

40 

43-0 

15-70 

III. 675 


14 

33 

2-8 

2-175 

1 

42 

44 

300 

15-70 


A. 333 

14 

33 

15-1 

4-353 

1 

146 

56 

49-8 

15-66 

VI. 8 


14 

33 

16-5 

3-198 

Ir? 

98 

30 

48-4 

15-68 

III. 671 


14 

38 

19-0 

3-326 

2 

106 

52 

M ’ 

1.5-67 



14 

33 

29-2 

2-172 

2 

42 

42 

29-7 

15-69 

III. 550 


14 

33 

39-6 

.3-014 

1 

85 

56 

1-8 : 

15-66 

. 11.682 


14 

33 

44-9 

3-069 

1 

89 

42 

24-5 ! 

15*65 

/ 

R. 3 nov® 

14 

34 

+ 

2-170 


42 

41 

± ! 

15-67 



14 

33 

49-6 

2-170 

' 1 

42 40 

59-1 

15-67 


D’ Arrest, 97 

14 

83 

53 

3-03 

[1] 

87 

12 

42 i 

15-64 

I. 184 


14 

34 

38-1 

3-325 

2 

106 

38 

34-0 

15-60 

III. 508 


14 

34 

40-0 

3-197 

2 

98 

24 

7-0 

15-60 

III. 657 


14 

34 

41-8 

2-281 

1 

46 

36 

11-3 , 

15-6] 

III. 658 


14 

34 

51-9 

2-281 

1 

46 37 

41-0 

15-60 

III. 686 


14 

35 

2-8 

2-387 

2 

50 

45 

12-7 

15-59 

111. 133 


14 

36 

29*1 

2-598 

, 1 

60 

40 

46-3 

15-51 

Hi. 896 


14 

36 

42-8 

2-773 

1 

70 

31 

5-7 

15-49 

1. 171 


14 

37 

12-6 

2-297 

1 

47 

34 

26-1 

15-47 

11. 538 


,14 

37 

17-6 

3039 

, 1 

87 

43 

15-8 

15-46 



14 

37 

23*1 

3-276 

) 

103 

20 

50-5 

15-45 

1. 126 


.14 

37 

48-7 

3-035 

1 

87 

26 

59-9 . 

15-43 

111. 48 


il4 

38 

25*5 

2-880 

1 

77 

18 

32-0 

15-40 


; A. 356 

14 

38 

57-4 

4-258 

, 1 

143 

56 

9-3 

15-34 

1. 188 


T4 

39 

9*0, 

3-068 

■ 1:; 

89 

38 

40-5 ; 

15-35 

II. 809 


14 

39 

24-3 

1-892 

; 1 

35 

59 

5*8 , 

15-36 

III. 687 


;i4 

39 

47-5 ■ 

-2-368 

; 3 

50 

40 

19-9 

15-33 


! 

:i4 

39 

54-0 

3-293 

; 1 

104 

15 

56-3 

15-31 

: HI. 690 


!14 

39 

54-2 

3-362 

i 1 

108 

29 

45-3 

15-31 

' HI. 885 

j 

il4 

41 

13-2 

2-773 

i 1 

70 

54 

33-2 

15-24 

1 



43 

44-7' 

4-208 

i ^ 

142 

5 

25-1 ■ 

I.VO7 


I No description 

cF;cS;R;lbM:r 

: F; vS; R ; bM; 4Bstp 

cF; cS; IE; in A of st 

cB; eS; R; psbM; r; *nr.. 

eF; vS 

cB; pS; R; mbM; ^15 p 


2-295 i 3 


14 46 34-3 +2-551 ' 1 


84 17 59 
91 57 9-6 

85 27 35-5 
59 35 3-5 
48 49 8-8. 

59 37 52-9 ‘ +14-93 1 


15-09 1 

15-02 I 3 
14-95 i 1 
1 


14-95 

14-96 


2 vF;vS ..{ 1 ‘ 

1 vF;vS;iR I 1 

F;cS;lE0"+ I 4 ' 

F ; pL; E 0”+; gbM i 2 I 

vF; S: vgbM; I f; pof2 ...j 2 j 

eF; v8; |att; fof 2 i 1 i 

vF;S;R;SClp ; I i 

cB; pi.: R; psrabM; r i 3 ; 

vF; pS; iE; ^ n ; 1st of 3 2 

Cl;L:pRi;CM;stll...l3...| 1 ! 

'Cl; pL; eRi; vmC 1 1* 1 

vF;pL;R 1 3 i 

vF; S; R; ^ nr; 2nd of 3 ...i 2 1 

2 vF; S; R; vglbM; *8-9nf..., 3 1 

1 pF;S;lE;bM j 3 i 

... 'h. 1865 is quadruple; ?F neh| 0 j 

1 i connecting. i { 

1 vF; S; R; psbM; 3rd of 3...! 1 ! 

[1] 0?: vF; S;disc;^|fl5ii95"...' 0 ! 

2 pF; pL; praE45°+:mbM; 3* 

i ' *10s. i I 

2 F;pL;E;'r ^ 3 ! 

1 vF; cS; E90'+... I 2 i 

1 ,vF; eS, IE ! 2 i 

2 vf;S;R;lbM j 3 ; 

1 vF:L;iR;lbM ! 2 ! 

1 \F;cS; R: vgIbM | 2 i 

1 pB; S; R; smblM; r; $ nr ,..i 3 ' 

1 pB;L;iR:gbM;r ' 2 I 

1 v]*', S; E; pslbAi ! 1 ; 

; 1 B;L; vmE; bMBN I 2 ' 

, 1 'eF;S ! 1 

1 .Cl:pL,pHi:lC;srlO,..ll...| 1 | 

I:;pF; pS:vlE;r I 3 

1 ,F;S; vlE; A2stI0.1I ...! 2 1 

3 ‘cF;cS; R; bM I 4 j 

1 'pB; pL; pmE; i’piub.M ..... | 1 

• 1 |vF; S; iR: IbM^ ' I 2 

I IvF; vS;cE90^: vgibM 2 

1 'Cl;vF;vS;vC .....| 1 

1 D neb: both eF I 1 

■F R:bMFX:S*s ; 3* 

cF- S: v!E; bM;?biN 4* 

•vF. S;R;pgbM j 2 

pB; pL; IE; pslbM ; *8 np,..i 3 
vF;S;R;pgbM | 2 
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SIE J. F. W. HEESCHEL’S CATALOGrE 


to Aimiiul 

No. ' " ' ' Eight IW'ession No, , North Polar 

of ^ ^ ’ I As.vnsion , iii of Bi-Uiii.r 

Catii- Sir J. n.'s Sir W. IP's Othpr ' Eight Ob'-. lor 

logue. Oanilogue. CL-os j^^thorine. A8W», Jan. 0. i.^n^on u.oci ISf.u. Jan. 0 
otiSobuIf. aiiaiSo^ , ror 


Aiimial , I 
Piwo-isio'i No , 
in of 

N.JMh (H)s 

h.r mod. 

l.'y!) 


Summary Bcsoription from a 
rom|>ari'Oti of all the 
Obsorvutions. Efmarli.s, ite. 


' Total 
'No. of! 
tirooe I 
of Obs.j 
‘ br h. i 
and if { 



1. 

11. 

h 

m 











4003 

1885,(^ 

R. nora 

!4 

46 

50*9 

+ .3*009 


85 

53 

7*0 

+ 14*91 


eF; 2'ph. 1885 

0 

4004 

1885 

ni. 554 

14 

46 

58'9 

3*009 

1 

85 

53 

7*0 

14*90 

1 

F; pS; vmE 148°*4; g\lbM... 

4 

4005 


1)'.\ rre.st, 98 

14 

47 


3*02 

1 . 

86 

27 

8 

14*87 

[Ij 

vF; pL;v]hM;*8*9p:22.5",^ 

0 

4006 


III. 8 06 

14 

47 

33-0 

1*555 

1 

30 

26 

56 7 

14*89 

1 

TF;vb;lE 

1 

4007 

1886 


14 

48 

52-2 

3-344 

i 

106 

40 

4-7 

14*79 

I 

F;S: R;bM; ♦iG^p 

1 

4008 

1887 

n.676 

14 

49 

5-8 


2 

46 

52 

39-0 

14*80 

2 

pB; S; R;snil).M; stellar ... 

3 

4009 

3583 


14 

49 

57*8 

3*8 < 4 

I 

131 

27 

21-3 

14*71 

1: 

F; mE; sf 

i 

4010 

1888 

11.677 

14 

50 

2-4 

2*227 

1 

46 

56 

4*2 

14-74 

1 

F;cK; R. psIbM 

2 

4011 

1890 

III. 976 

14 

50 

4M 

2*532 

1 

59 

12 

55*0 

14*70 

1 

er;pS;iF 

2 

4012 

1889 

III. 691 

14 

50 

51-7 

3*382 

I 

108 

42 

27*1 

14-67 

1 

[jF; b; R; siteliar 

3 

4013 


11. 683 

14 

51 

12*5 

3*081 

1 

90 

31 

47*8 

1 4*66 

1 

jjB; pL; R ; mb.M; ciWtioat: 

1 

4014 

1891 


14 

51 

21-5 

1-979 

1 

39 

44 

42*1 

14*67 

1 

uF; 8; vshMflS; 1st of;.! ... 

1 

4015 

1893 

111. 678 

14 

51 

46-4 

1-977 

1 

39 

44 

55*2 

14*64 

1 

F; S; v>6.H*i3; 2ii(l of3 

3 

4016 

1 892 

HI. 131 

14 

51 

48-3 

2*534 

1 

59 

28 

16*9 

1 4*63 

2 

F; S, R; vgbM;+i!f(Mar) 

4* 

4017 

3584 


14 

51 

49*4 

5*894 

1 

161 

52 

27*1 

14-57 

1 

tF; 8; K; bM 

1 

401 H 

3585 


14 

52 

.'>•8 

4*224 

1 

141 

21 

29-4 

14*58 

1 

ll;pL:]iRi;lE 

1 

4019 

1895 

111.679 

14 

52 

31-i 

1-973 

1 

39 

45 

19-0 

1 4*6o 

1 

vE; 'b; \!,itd>M#13: #6 1,1; 

2 














3nl of 3. 


4020 

1805, 

11 nAf!4 

M 

^0 


1*973 


39 

45 


1 4*G0 


8 

0 

4021 

1894 

ll. 539 

14 

52 

53*9 

A 3*034 

1 


32 

4h*8 

1 4*56 

i 

!-B; cl.; E 165+-; A)2,iN' ... 


4022 


111.311 

14 

53 

0-6 

-0*023 

1 

lii 

24 

35*3 

14*6i 

1 

vl ; M iR; btt-2sl 

1 

4023 

3586 


14 

53 

11-2 

+ 3*296 

I 

103 

.36 

47*9 

1 4*53 

1 

U'; .8; K; Ml 

1 

4024 

3587 

I. 71 

14 

53 

28-2 

3*185 

; 

96 

53 

29-6 

14*52 


I'B; S; i'i iiib.M 

4 

4025 

4026 

1896 

1. 127 

14 

14 

o3 

54 

51*4 

5*4 

1*^81 

3*037 

1 

87 

44 

16-7 

14*49 

1 

‘i-: 

i’; p.S; R ; lisiuhM 

2 

4027 

1897 


14 

54 

15-4 

3*038 

1 

87 

49 

46*1 

14*47 

1 

a'; tb; li 

1 

4028 


HI. 811 

14 

54 

22-9 

1*784 

I 

35 

35 

32*7 

14*49 

1 

'F; b; I- 

1 

4029 

1898 

II. 756: 

14 

54 

29‘9 

1*7.?1 

1 

;!5 

32 

4*1 

14*47 

1 

B; Uj.-^bM; -ph mbd Xl ... 

1* 

4030 

1898,0 

11. nova 

14 

54 

50-6 

1*781 


35 

32 

4*1 

14*47 


vF 

0 

4031 

3588 


14 

55 

2'0 

4*347 

1 

143 

47 

24*0 

14*40 

1 

U; vE; Ri; IC: st9...12 ... 

1 

4032 

3589 


14 

55 

20*2 

4*409 

1 

145 

2 

17*1 

l4•:l^ 

1 

21; cL; R'; K'M; 4 13... 14 

1 

4033 

1899 

H. 540 

14 

37 

2-4 

3*045 

(It 

S'? 

14 

41*0 

14-.30 

1 



2 

4034 


H. 332 

14 

S7 

323 

0*165 

2 

17 

45 

Ifl-fi 

14*32 

1 

,.B; cL; iR; bp; r 

2 

4035 

3590 


14 

37 

32-5 

6*045 

3 

162 

19 

4*3 

1 1*21 

3 

F; cb; IE; ^11.^1 ; am A 

3 

4036 

1900 


14 

57 

46 9 

-f 3*67.5 

1 

122 

34 

35*2 

14*24 

1 

.■.■!{?) 

1 

4037 

HI. 312 

14 

^7 

54-8 

-0*262 

1 

15 

36 

18*3 

14*31 

1 

cF; vb; IF.; 2 st isiv 

1 

4038 


H. 542 

14 

58 

21 -5 

-r 3*030 

1 

87 

21 

21*6 

14* 2-2 

1 

plJ 

i 

4039 


H. 541 

14 

58 

21-9 

3*037 

1 


49 

21*6 

1 4*22 

1 

1-' 

1 

4040 

3592 


14 

58 

41-7 

3*755 


125 

41 

8*4 

14-18 


vF; b; IK: vU)M; r 

2 

4041 

3591 


14 

58 

51*0 

5*033 

2 

154 

8 

9’ 5 

14*15 

2 

pR; pL; U; vpvlbM 

2 

4042 


HI 511 

14 

59 

1-9 

3*036 

1 

87 

46 

20' 4 

14-18 

1 

vF; R; p ofLE 

I . 

4043 1 

4044 j' 

1901,0 

...... R. 2 iiovspf 

14 

59 

+ 

3*038 


87 

51 

± 

14-16 


2 of 6 

*• 

4045 

1901 

I. 128 

14 

59 

23-5 

3*038 

1 

87 

50 

41*3 

14-16 

] 

vB; pL; R; psbMN; f of 2... 

3 

4046 


D'Arrest. 99 

14 

59 

29 

3*03 

[1] 

87 

26 

48 

14*1.5 

[1] 

(F; .8; V clo.sp | 

0 

4047 

1902 

11. 543 

15 

0 

O.f 

3*039 

1 

87 

54 

47*6 

14*12 

1 

cF;b;lE;psbM 

2 

4048 


HI. 8S6 

15 

0 

16*5 

2*848 

1 

76 

36 

4*3 

14*11 

1 

eF; v.S; tjpof2 

h ' 

4049 


HI. 887 

15 

0 

]6«5 

2*848 

1 

76 

36 

4*3 

14*11 

1 

eF; v8;sfof2 , 

i* 

4050 

1903 

IL 544 

15 

0 

44*0 

3*021 

3 

86 

53 

20*4 

14*08 

3 

pB; S; viE; IbM; am si 

5 i 

4051 

1905 

11.751 

15 

1 

]‘8 

2*725 

(3; 

69 

54 

1*8 

14*06 

1-.; 

cF; cS; E; p of 1) neb 

4*+ 

4052 

1905 

, 11.752 

15 

1 

9-2 

2*725 

(3) 

69 

56 

1*8 

14*06 

h; 

pF; pb; E; f of D neb 

4t 

4053 

1904 

IV. 71 

15 

1 

14*4 

2*746 

1:: 

71 

1 

0*5 

I 14*05 

1 

*6 in vL neb 

3 ■ 

4054 

1906 


1.5 

1 

29-3 

2*179 

■ 2 

46 

49 

50*5 

14*05 

2 

F; S; R;psbM 

2 . 

4055 


11. 192 

15 

1 

37-4 

3*255 

. 2 

100 

46 

50*6 

14-02 

, 0 

,F;L;E;r 

2 : 

4056 

1907 

, II. 585 

15 

2 

30-8 

3*013 

3 

86 

24 

19-8 

13*96 

3 

pF; cb; ilE; gbM; *14f ... 

4 

4057 


11. 684 : 

,15 

2 

.36*1 

3*057 

. 1 

89 

0 

5*5 

13*95 

. 1 

pB;S;iE 

^ i 

4058 

1909 

1.215 ; 

15 

2 

36*3 

1*639 

1 

33 

41 

39*4 

13*98 

1 

vB;cL;pmE146‘''0;gbM.., 

2t ! 

4059 

1909, 

...... ‘ R. nova 

15 

2 

+ 

1*639 


33 

43 

+ 

i 13*98 

... 

vS 

0 i 

4060 


! D’Arrest, 100 15 

2 

41 

3*05 

;[i] 

88 

55 

48 

, 13*95 

[l]ieF;H.IL 545,s3'15'' 

0 i 

4061 

1908 

11.545, 

15 

2 

41-0 

3*057 

' i 

' 88 

59 

25*5 

' 13*95 

1 

ipF; S; E; psbM 

5 i 

4062 


11, 755 

15 

0 

10-7 

+ 1-792 

; 1 

36 

55 

31*6 

i +13-82 

1 

;pB; pL; IE ! 

^ i 



0? xebulj: and clusters of stars. 
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1 Eeierenceg to 

Ko. 1 

J . II s .Sir W. IT.’s; Other 

logue. ij<>~nies , C!af*«'s ' Autlioritie.''. 

. i)f' Xehiiliv 1 and IS os. 

; I Annual 

Right Pret-csuon 

A«!cension in 

for Right 

■ ,lan. 0. Asc<>Ti*iiori 

for i-'So. 

No 

of 

CM 

iLsed 

Nortli Polar 
Risiance i 
for 

1800, Jan. 0. i 

Annual 

Precession 

in 

NPJ) 

for 

l8S(i 

No 

of 

Oh?. 

u?cd. 

' Total , 

Sumniarc Descrintion from a : 

Companion of ail the j 

Obber-vations, Remarks, &o. ^ , ‘l 

bv h. 
land H.j 

! 1,. 

H 



111 ^ 






' 1 

1 

4063 3503 

III. 736 


15 

6 3-3 

13-3] 2 

1 

103 44 18-9 

+ 13-73 

1 

pB;pL: pmEO^-j'^inhM; tinv 

2 ! 

4064 R»0 

11-757 


1.5 

6 9*4 

1-548 

1 

32 27 30-8 

1,3-76 

1 

■cB; S; I+rnbMRX; r 

4 1 

406.5 

11.818 


15 

G 27*0 

1-128 

1 

26 30 47-5 

1.3-75 

1 

pl+cS;R;vgbM ..... 

1* i 

4066 3594 



15 

7 19*4 

4-059 

2 

135 7 30-2 , 

13-64 

2 

0; '’"5; ll; quite sharp 

2t ’ 

4067 3595 

III 116 


15 

7 30-1 , 

.3-238 

1 

99 33 7*2 

13-64 

1 

h ; cL; R; vgbM.... 

2 ■ 

4068 con 



15 

7 38-4 

2-199 

1 

48 14 5h-2 , 

13-64 

1 

F; vS; R;bM 

I : 

4069 L91~’ 

Hi. 659 


15 

7 58-6 

2-198 

1 

48 12 57-2 

13-64 

1 

cF;vS;R;bM;r 

2 ' 

4070 191~>« 


K. tiovci 

15 

8 18 - 6 , 

2-198 


48 8 27*2 

13-62 


vF ; place from MS 

0 , 

4071 H*53 

I 1 .G 78 


15 

8 29-8 

2-175 

1 

47 31 15-0 ' 

13-60 

1 

F; S; R; t ; 3 St nr 

2 . 

1 1913,0 
4073 j 


iv. 2 !U>\il 

15 

8 ^ 

2-175 


47 31 i 

13-60 


2 nova apparently connected.. 

0 

40/4 

Ih 763 


15 

8 37-8 

1-353 

2 

29 40 9-0 

13-60 

2 

pF; pS; E 0 ^+ 

2 ' 

4075 3596 

VI. 19 


15 

9 22-4 

3-443 

1 

110 29 44-6 ■ 

13-52 

1 

0 ; pF; L; viR; vgbM; rrr , 

2 ' 

4076 3597 

HI. 138 


15 

9 53*3 

3-504 

1 

113 31 44-7 

13-49 

1 : 

F;S;R;gbM 

4 

4077 1914 

H.C50 


15 

10 0*6 

2-167 

2 

47 26 25-3 

13-51 

2 

cB; pL; pmE; smbMN 

5 

407 s 1915 

in. 660 


15 

10 2-0 

2-162 

2 

47 16 49-0 

13-50 

2 

vF; *S; vlE; gbM 

3 

4079 I915,f/ 


11. «ov;i 

15 

1 0 2*9 

2-162 


47 17 -6 

13-50 


Close to 1915 pos 0° , 

0 

4080 

111.737 


1.) 

10 ],5-l 

1-863 

1 

39 12 3-0 

13-50 

1 

vF; vS; stellar 

1 

4081 3598 

111. 139 


15 

10 24-3 

3'505 

2 

113 31 3-5 

1.3-45 

2 

icF: S; R; gpmbM 

5 

40SJ 

11. 758 


15 

10 56-2 

1 -GoG 

1;: 

34 0 29-5 

1.3-45 

1 ; 

:pF; pS;iR 

1 

4083 1916 


M.5 

15 

11 27’2 

.3-028 

1 

87 23 8-7 

13-39 

1 

! 1 ; @ ; vB; L ; eCM ; st 1 1...15 

lit 

4084 


R. nova 

15 

11 39 

1 * 56.8 


33 51 55 

13-39 


One of 2, 1 3 apart np & sf... 

0 

4085 

n. 760 


15 

1! 57*2 

I- 60 G 

1 

34 6 25-7 

13-39 

1: 

:o.F:pS;R 

1 

4086 1!)J7,'/ 


K. run a 

15 

12 - 

15-52 


32 10 + 

13-38 


\ rav, vmE, par. to h. 1917 ‘ 

0 

4087 1917 

11.759 


15 

12 11-7 

1-552 

0 

33 10 5*4 

13-38 

2 

cB; vL; viiiE 155^*0; 

3+ 











vg. psbMM. 


4088 


11. nova 

15 

12 53 

-f 1-568 


34 2 31 

13-39 


One ol' 2, 15’ apart np & sf... 

0 

i n..r. 






] 

14 7 6-1 

1 3*37 

1 

ivF; vS 

1 

14090 

11.400 


15 

13 1.5-7 

+ 2-681 


68 36 53-4 

13-28 


,vF; S; ei 

0 

;409l 

111.944 


15 

13 35-7 

-0-87G 

1 

14 7 4-9 

13-33 

; 1 

vF;vS 

] 

f IDlo"] 












4092 < “ > 

111. 374 


15 

13 .38-5 

+ 3-109 

2 

92 4 2-5 

13-25 

, 2 

:vF;pL;vlE;r 

3 

13599^ 












‘4093 3GOO 



15 

13 51-6 

3-297 

] 

102 34 48-6 ‘ 

13*22 

1 

B; S;R;glbM;pof2 ' 

1 

.4094 3601 



15 

13 56-2 

3-299 

1 

102 39 13-6 

1 3-22 

1 

F;S;1E; glbM; fof2 

1 

|4095 3r)0^> 



15 

14 3-2 

3-194 

1 

96 51 8-3 

13-21 

1 

eF; vS; psbM 

1 

4096 1920 



15 

14 36-6 

2-018 

2 

43 36 42-0 

' 13-20 

2 

'eF;L;pmE;glbM; J s 

2 

!4097 1919 

1 148 


15 

14 59*9 

2-975 

4 

84 25 34-8 

13-16 

4 

cB; cL; iR; vsb.M ^ 12;amsf 

5 

i4098 1922 ' 

III. 661 


15 

16 12-3 

2-158 

(21 

47 50 32-7 

13-09 

1: 

:eF;S 

2 

;4099 1921 



15 

16 13-2 

2*15(1 

4 

47 46 29-7 

13-09 

4 

vF;pL; vlE: vgbM 

4 

i4100 3603 


A. 357 

15 

17 15-2 

4-480 

3 

144 1 39-4 

12-98 

3 

CHvL; vRi;lC;stll..J4,. 

3 

j4I0] 3604 


A. 389 

15 

1 7 55*5 

4-300 

2 

140 10 47-2 

12-94 

• 2 

0 ; cB ; L ; R ; vgbM : rrr ; st 1 5' 

2 

>4 102 1923 ^ 

11.874 


15 

19 40-8 

2-729 

1 

71 25 32-5 

' 12-85 

: 1 

‘pB ; cS ; R ; psbM ; f 7 n 

2 

|4103 1924 * 



15 

21 5-7 • 

2-141 

1 

47 50 27*1 

, 12-77 

' 1 

vF ; vS ; sp of D neb 

1 

4104 1925 

11.651 


15 

21 8-7 

2-141 

4 

47 50 15-1 

' 12-77 

4 

pF; p8; R; nf of D neb 

6 

4105 i 

11.130 


15 

23 5-1 : 

2-825 

a 

, 76 33 15-6 

12-62 

i 2 

F;pL;iR;vgbM;r 

2 

f I 926 I 










i 


4106, < = > 

11. 401 


;15 

23 29*0 

3-116 

\ 2 

; 92 20 47-7 

, 12-59 

: 2 

ipB;pS;R;vgbM;3stf 

3 

; L3606 J 












4107 3605 ; 


i 

15 

23 30'4 

5*406 

! 1 

! 156 22 34-9 

! 12-53 

1 

F; S; am st 

I 

I 4 IO 8 ; 3607 1 



15 

25 20-2 

4*334 


i 140 11 14-9 

12-43 


:0; cB; pL; R; vglbM; rrr; 

2 

i 1 



i 






j 

, st 16 . 1 


4109 : 

II. 906 


'15 

26 3-2 

0*808 

1 1 

' 24 45 29-8 

i 12-46 

' 1 

F; S; IE 45=+; VglbM 

1 

4110 ; 

, 11.654 i 


ilS 

27 17*7 

o-Tao 

; 74 32 25*2 

12-34 

1 

■F; pS; FI50 ’+ i 

I : 

4111; 1927 

! 11.178 


iI5 

28 2-2 

2-777 i 1 

74 20 50-4 

1 12-28 

■ 1 

'pB; cS; p ofDneb , 

4 

4112i 1927 

11 179 j 


:15 

28 2-2 

2-777 : 1 

74 20 50-4 j 

j 12-28 

; 1 

+B; cS; f of D neb 

4 1 

41131 

11.399 i 


ll s 




' 60 51 21-6 

' 1 2*22 

; 1 

ipF; pL; iR; bM;r 

i 

4114' 

il.76l 


Il5 29 26*4 

1-445 i 1 

33 1 16-3 

: 12-21 

1 1 

ipi'-pS;iF ' 

1 

4115 ' 1931 : 

11. 762 


|15 29 57-4 

1-431 


32 50 58-1 i 

12*17 

1 1 

cF; cL; IE 

2 

4116: 1928 i 

II. 96 


115 30 6*8 

2-746 

72 55 36-2 i 

12-14 

, 1 

pF; pL; ilE; gbM 

2 

4117 ' 1931, «| 


R. nova 

;i5 30 31-4 

+ 1-431 

i .. 

! 

32 46 22-1 ! 

+ 12-14 


No description J 

0 
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SIE J. F. W. HEESCaiEL’S CATALOGUE 


No. j 

Eefereneee to t.- w 

Eight 

Aimiu,! 

Ppeceseion 

1 

No. j North Polar 
of ! Distance 

Obs. i for 

used. 1800, Jan. 0. 

j 

Annual 

Precession 

No. 

of 

Obs. 

used. 

Summary Description from a 

Totel 
No. of 
times 
of Obs. 
hy K 
and H. 

of 1 

Cata-| Sir J. H.'s 
logue.| Catalogues 
lof Ncbulse 

Sir W. H.’s 
Classes 
and Nos. 

j Ascension 
Otlier 1 

AnZIL iieoo,j».o. 

in 

Bight 
Ascension 
for 1880. 

n.p!d. 

for 

1880. 

Comparison of all the 
Observations, Eemarkg, &c. 

! 

41181 1929 
41191 1930 
4120i 3608 

H. 

1 h m 8 

15 .30 38’0 

+ 2-953 

1 . , . 

1 i 83 33 9-7 

+ 12-09 

1 

1 vF; vL; R: vgbM: rrr... 

It 

III. 634 

15 30 48'4 

2 -i 72 

7*159 

2 ; 49 46 12-3 

12-11 

2 

vF:S; R:ebM;2st8f. 

3 

i'l3 31 12*7 

1 |165 13 IM 

11-97 

1 F;pL;R;vgbM 

1 

4131! 3609 


15 31 20-i 

3-694 

1 ; 120 5 47-2 

12-04 

1 

vF;L;R;gbM;r 


4)9.9' 

II. 76 

^15 39 in-3 

2*834 

2-396 

1 ! 77 24 9-7 

1 1 57 46 40-6 

11-99 

1 [pF; pL; R; rr 


4133' 1933 

|15 33 25-5 

11-92 

1 jvF;vS;R;bM 

1 1 

4134, 1934,0 
4135; 3610 


R.nova? 15 34 29*2 

1-214 

... i 30 6 57-2 

11-76 

... jR; psbM (by diagram) 

0 1 


15 34 53*7 

5-014 

2 , 150 46 24-5 

11-75 

3 

! ; 0 ; pI" ; vIS; li; r.'' am 150st 

3t 1 

4136 1933 

4137 1934, i 

4138 1934 

,4129 

li. 655 

15 35 0*3 

R.nova? ,15 35 33*7 
15 .36 18-6 

2-759 

1-214 

1- 214 

2- 790 

1 : 73 45 35-7 

I 30 46-2 

11-79 

11*77 

H-74 

1 iF; pS; E0° 

... 'F-. mE 

2 

0 

II. 764 
11.656 

1 ' 30 11 55*2 

I 

cB; S; R; psbM; r 

2 

,15 36 21*3 

1 . 75 20 47-7 

11-69 

1 

pB; S;El35=+;bM 

1 

41301 

II. 765 

15 .36 24*1 

1-306 

1 ' 31 29 46-9 

11-73 

1 

pF;cS 

1 

4131; 

II. 766 



15 36 32*5 

1-215 

1 , 30 13 46-6 

11*72 

1 

pB; cL; iE; r 

1* 

4132, 3611 

A. 552 jl 5 36 53-4 

3-904 

2 ; 127 19 24-9 

11-63 

2 

0; vB; L; R; vgbM; 
st 13. ..15. 

2 

4133’ 1934 , c 

III. 378 

II. 435 

III. 635 

R.nova jl5 37 18*3 

1- 214 

M 69 

3-019 

2- 103 

... j 30 14 28*0 

1 1 29 47 35*8 

2 : 87 8 54-4 

2 j 48 26 39-7 

11-62 

11-56 

i 

(? if not =11. 766 ) 

vF; vS 

0 

1 

4135' 1935 
4136, 1936 

1.5 .39 16.4 

11-48 

2 

vF ; vS ; R ; gbM 

5 

,15 39 29*9 

11-49 

2 

vF;vS; R;bM;sp of 2 

3 

4137; 1937 

III. 636 

15 39 33*0 

2102 

1 48 26 5-4 

11-48 

1 

cF; vS; R; bM; ni of 2 


41381 3613 


15 40 38-9 

3-334 

1 103 19 13-4 

11-38 

1 

eF; 8; R; vS * p 

1 

4139 1938 

4140 

li. ^7 
VII, 39 

15 40 . 3 Q .7 

2 - 709 

3- 664 

4- 716 

2 71 40 24-0 

11-40 

2 

pF; cS; li ; r; bet 2D st 

4 

15 40 .56*1 

1 118 10 31-5 

11-35 

1 

Cl; pL; pRi; at vS 

1 

414l! 3612 

A. 343 15 41 7-4 

1 ; 146 2 39-3 

11-31 

1 

C!;L; pRi;st 12... 14 

1 

4142 ! 3614 

414‘i' 

III. 371 



15 41 11-3 

3-684 
2-459 
! 4-795 

1 118 57 17*9 

1 60 54 51-7 

11-33 

1 1-29 

1 

I 

vF;.S;R;sbM 

vF; S; R 

1 

1 

4144 ' 3615 

A. 334 Il5 44 34*9 

3 147 0 57-8 

11-06 

3 

Cl; pS; pRi; raC; st I 6 

3 

41451 1939 

II. 583 

il5 47 ll'O 

+ 3-054 ! 

: 1 89 1 54*3 

10-91 

1 

pF; S; E90^ + ;gbM;r ... 

3 

14146’; 

j4l47 

4148 1940 

4149 ’ 1 

111.313 
i 11.657 

Il5 47 35*7 

! 15 47 49*1 

1 =; 4Q 

-0*483 

+2-77iJ 

1 \ 

1 2 , 17 24 5.5-8 

i 1 ' 74 59 59-1 ! 

i 1 ■ 83 .39 30-4 

1 10-96 
! 10-87 
10-78 

1 

1 

vF; S; E 9 OH; vS#f 

F; bet 2 B St 

2 ; 
1 1 

1 1 

* m. 739 

0 4 

, 15 49 24-0 

\ ^ i/TO I 

. 0*892 

1 27 15 50-0 

1 ' 

1 10-80 

I 

If; pL; R; vgb.M 

’ 1 ! 

.4150' 1941 

i 

j 15 50 19*6 

; 2-946 

1 2 8.3 35 40-4 

! 10-68 

2 

!;vF; vS; R;g, smbM 

' 2 

Uloll 1942 

: III. 646 

15 51 5*5 

; 2-742 

i 1 , 73 42 40*9 

i 10-63 

I 

vF;S;lE;pof 2 

i 2 ' 

4152! 1943 

III. 73 

15 51 8‘4 

1 2-741 

! 1 73 37 40-9 

: 10-63 

1 

eF; vS; IE; fof2 

■ 3 

4153; 3516 
4154 3617 

1 

i A. 304 ,15 51 50-9! 

j 45 52 18*5; 

5-056 

1 3-846 

i 4 150 6 0-6 

1 124 8 38-0 

! 10-52 

i 10-50 

4 

1 

Cl; B; vL; pRi; IC; st7... 
F; S; R ; gpnibM ; A of st np 

i 4 I 

! 1 

41551 3618 
4156! 1944 
4157' 

I4l58i 

in. 622 

A. 359 ,15 56 43-3 i 

15 .57 .3.5..3 ' 

! 4-641 

; 2-182 
+ 2-658 ! 
: -0-284 

+ 2-901 

1 143 38 28-8 

2 52 15 33-5 

, 1016 

1 10-15 

1 

2 

Cl; S; mC; St 11.,.14 ...... 

vF; S; R; ♦ lOaf 

! 1 

1 ^ 

^ III. 33 
j 11.873 

1 15 58 43-2 

1 5 58 4 . 3.5 

i 1 70 16 11-9 
i 1 18 55 6'9 

' 10-14 

i 10*13 

i 

1 

- - 

F; R;bM 

1 

1 

4159 ! 1945 

14160 1946 

|416i| 

14163 3619 

' 45 .58 49-0 

i 1 ! 81 31 23-2 

1 10-04 

1 

^i^ 7 in photosphere 

i 1 

i III. 637 
III. 140 

15 59 36-9: 

16 ft 5i.n : 

: 2-065 i 

2-629 ! 

i 2 i 48 55 52-0 

1 ' 69 4 I-O 

j 1000 
! 9-90 

2 

1 

pF; vS; R; stellar 

vF; vS; r; pB *sf 

3t 

1 

1 A. 360 ,16 2 19-2 1 

! + 4-675 i 

i 2 143 60 42-2 

i 9-74 

! 3 

;Cl; vB;vL;vRi;lC;stlO... 

3 

|4163 ... 

ni.’^3 

1 III. 553 

! 169 4ft..3 1 

-3-081 
+ .3-051 

1 ! 10 38 44-0 

' 9-90 

; 1 

ivF;v8;iE0";r 

1 

4164 1947 

: 16 2 48-9! 

1 ; 88 55 4-2 

9*74 

1 1 

jF; L; pmE; vgbM; r... ...... 

2 

4165| ... . 

; III. 883 

' 16 .3 . 30 . 5 ! 

-0-266 
+ .3-922 

1 i 19 13 44*8 
] 125 52 42-5 

9-76 

1 1 

leF; vS 

1 

4166 ! 3630 

16 3 44-7 i 

9-65 

i 1 

jpF; R; vgvlbM; r 

1 

4167; 1948 

III. 74 

1 :i6 4 ,5-4 

+2-713 

I;;! 72 55 51-5 

9*65 

1 1 

vF;S;r 

2« 

4168 . 

III. 884 

' 16 5 50.0 

-0*147 
+ .3-866 

1 , 19 59 34-4 

1 123 53 2-9 

! 9*58 

; 1 

jvF; v8 

1 

4169 ’ 3621 

1 16 6 .33-5 

9-43 

1 J 

ieF;S;E;lbM 

1 

4170| 3622 


i A. 326 !l6 7 16-0; 

4-936 

2 147 32 42-5 

9*35 

i 2 

,C1; B; L;lC;st7...10 ... 

2 

4171 ' 

! Ill, 812 

1 16 7 18.1 

1-199 

1 , 32 8 30*2 

9-44 

1 1 

ivF: vS; IE 

1 

4172 ! 1949 

4173, 3634 

4174 ; 

1 III. 889 

1 

III. 314 

16 -r 1 a.A ' 


1 , 56 35 35-9 

9*33 

1 IvFiSiRibM 

2 

M .80 16 8 41-9 '+3-567 

i 1 

2 i 112 37 34-1 

i 

2 17 10 21*4 i 

3 I 6 I 51 51-0 

9*27 

9*38 
+ 9-10 

2 

!!!; 0; vB; L; vaibM(var»); 
rrr; stl4. 

2* 

2 

4175 ! 3623 

^ 1 

A. 68 ,16 9 54 - 3 ; +6-720 

' i 

3 

0; pF; L; ill; vgbM; rrr; 
at 14... 
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Annual 

Precession 

in 

Right 
Ascension 
for 1880. 

No. 

of 

Ohs. 

used. 

North Polar 
Distance 
for 

1800, Jan. 0. 

Annual i 
Precession , No 
m , of 

N.P.D. Obs 
for used 

1880. , 

s 

+ 2*322 

2 

57 41 3*1 

+9-17 ! 2 

2*206 

2 

53 56 19*0 

9-10 ; 2 

2*911 

1 

82 15 5*9 

9*03 1 

4*589 

1 

141 36 46*8 

8-86 1 1 

3*114 

1 

91 56 56*9 

h*S3 , 1 

2*132 

1 

51 52 57-9 

8*83 , 1 

2*133 

2 

51 54 7*9 

8*83 i 2 

3*665 

... 

116 11 11*1 

W7 1 ... 

4*097 

1 

130 20 6*7 

8*69 . 1 

1*154 

1 

32 2 48*5 

8*75 1 

2*121 

1 

51 40 47*1 

8*67 . 1 

4*4aG 

2 

138 49 29-1 

8-57 i 2 

2*121 

s 

51 44 50*1 

5*57 ' 2 

4037 

3 

128 30 59*3 

8*51 ; 4 

0*401 

1 

24 17 36*7 

8*59 . 1 

2*144 , 1 

52 26 49-2 

8*54 ' 1 

1*320 

1 

34 34 35*2 

8*54 i 1 

3*657 

1 

115 43 5*4 

8*48 , 1 

2*009 

1 

48 44 41*0 

8*40 : 1 

2*010 

2 

48 47 10*4 

8*38 ; 2 

2*010 


48 47 + 

8*38 ; ... 

2*025 

1 

49 13 2*9 

8*33 ‘ 1 

7*067 

1 

162 57 2*8 

8*16 1 

4*654 

1 

142 18 59*3 

8*21 . 1 

1*623 

2 

39 48 49*8 

b *26 2 

1*687 

2 

41 17 48*6 

8*22 2 

5 219 

2 

150 18 1*9 

8*13 2 

2*004 

2 

48 45 15*4 

8*lS , 2 

2*057 

2 

50 13 17*4 

8*18 ; 2 

4*423 

1:; 

137 48 2*7 

8*09 1:; 

4*426 

1 

,137 51 20*8 

, 8*06 1 

2*053 

1 

50 8 9-6 

t 8*12 1 

4*506 

1 

139 27 48*5 

8*05 1 

4*246 

1 

133 44 18*2 

8-04 1 

3*350 

1 

, 102 44 17*3 

8*01 1 

2*004 

1 

48 52 16*6 

8*02 , 2 

2*004 


. 48 52 + 

8*02 ; ... 

2*010 

1 

49 3 57*0 

ts*00 1 

2*203 

1 

54 38 1*1 

7*97 2 

4*316 

2 

135 19 19*6 

, 7-92 2 

2*203 


54 35 IM 

, 7-91 , ... 

2*624 

0 

, 69 55 19*4 

7’b8 3 

1*264 

1 

34 9 56*7 

7*89 , 1 

6*305 

1 

159 4 52*8 

7-76 1 

2*190 

1 

54 21 40*8 

7*76 r 

2*579 

1 

. 68 9 52*2 

7*74 1 

4*483 

1: 

; 138 43 48*6 

7*62 1 : 

4*233 

2 

133 5 18*9 

7*53 2 

4*475 

, 1 

138 29 3*7 

: 7*49 1 

2*058 

' 2 

i 50 41 28*4 

7-48 2 

2*155 

! 1 

53 31 20*9 

! 7-43 1 

4*420 

; 1 

,137 11 50*2 

: 7-24 1 

4*404 

, 2 

! 136 45 36*8 

7-06 ' 2 

1 2*140 

> 3 

j 

: 53 IG 19-4 

; 7-08 , 3 

! 2*125 

i(l) 

52 54 7-5 

! 6*95 : 1 

: 4*776 

i 3 

143 33 29-1 

: 6*87 ' 3 

+ 7-032 

1 1 

; 162 20 32*0 

; +6*80 1 


! No. 

of 


' Cats- i Sir J. H.’s Sir W. H.’g other 
jloguei Catalogues I Classes Authorities. 
I jof Nebiilce , anti Nos. 


Eight 

Ascension 

for 

1860, Jan. 0 


j Total 

Summarv Description from a { I 

lof Obe. 

bjh. 
land H. 


Comparison of all the 
Obserrations, Eemarks, &c. 


14177; 


\im 

1418] 


14186: 

14187 


14189 

'4190' 


=4193. 

14194 

14190 

I 4 I 96 

4197 

4198 

4199 

:4d00 

I 43 OI 

;430‘i 

4^203' 

14204 ’ 

14205 

A 206 

i4207 


14210 

14211 


h. 

H. 

1950 

111.888 

1951 

111.688 : 

1952 

11.151 i 

3625 

i 

1953 

II. 402 ! 

1954 


1955 

111.623 : 

3626 

i; 



11.810 : 


III. 891 

3627 


1956 

111.624 ! 

3628 



III. 740 i 

1 III. 892 i 


II. 811 

3629 

Vi. 10 , 

1957 


1958 

111.638 ; 

1 1958, a, 


1959 

111.639 ' 

3630 


3631 



111.680 


11 690 

3632 


i960 

li. 652 1 


11.647 : 

3633 


3634 


1961 

11.875 

3635 


.3636 


3637 

VI. 40 

1962 

111.640 ! 

1962, (/ 


1963 

III. 641 

1964 

III. 890 1 

3638 


' 1964, « 



II. 753 


III. 813 

3639 


1965 



111. 730 

.3640 


= 3641 ! 

i i 

> 3642 j 

1 j 

1 i 

1 1966 

III 893 j 

’ 1967 


( 3643 

i i 

( 3644 

1 

( 1968 


:! 1969 

II. 701 

3646 


5 3645 



M.4 = 
B.A.C,5455 j 
A.514 


! h m 8 
46 10 18-4 
16 11 21-9 
16 11 58*8 
46 13 42*5 
16 14 31*8 
16 14 43*9 
,16 14 50*5 

16 15 3*6 


A. 536 


16 16 
16 16 
16 16 
16 17 
16 18 
16 18 
16 18 
16 18 
16 18 
16 18 
16 20 
16 20 


II. 2novffi 16 20 + 

16 21 10*4 

16 21 41*1 

IG 21 49*9 

IC 22 6*9 

16 22 34*5 

16 22 36*1 

16 23 0*8 

16 23 2*7 

16 23 22*7 

16 23 39*8 

16 23 50*4 

16 23 50-9 
16 24 7*3 
16 24 43*0 
16 24 58*0 
16 25 + 

16 25 18-7 
16 25 34*0 
16 25 36*3 
16 25 47*9 
16 26 37*0 
16 26 50*0 
16 26 50’4 
16 28 15*0 
16 28 18*6 
16 29 14*5 
16 30 29*3 
,16 30 52-1 


A. 400 
Meehain 
R. nova 


A. 483 
A.413 


16 31 43-6 


16 33 50*3 
16 36 6*6 ^ 


M. 13, Halley I6 36 41*2 i 


vF;S;R;vglbM „ 3 I 

vF;S;iR ; 3 I 

F; pL; IE; vgbM; r 2 : 

Cl;eL;eRi 1 1 

vF; cL; cE 45'+ ; r ...... 2 

vF;eS;R 1 

vF;vS;R;|nf 4 

' f Cl; 8 or 10 L St in litie,'! ^ 

I with 5 St; rrr. j 

Cl;B:L;plli;lCM;st9...11 2 

pF; pS;lE 1 

""F;vS;R;lb]VI ; 1 

Cl; cL; plli; ICM; St 13...15, 2 

F;S;iR;bM..... ; 4 

B; pL; R; psbM; rr 4 

cF; pL; iR ' 1 

eF; S; bM ! 1 

i)B; iR; vgvlbM : 1 

Cl; cL; tnC; gbM; rrr ' 2 

F;R;bM ' 1 

:eF;vS;R;bM i 3 

2 nov’te, one eF; one S ■ 0 


A. 364 


il6 38 12*4 
‘16 38 18*4 


tF;vS;R 

vF; vS; #9 nr ] 

Cl; L; 1C; St L 

vF; S; R;lbM;er 

F;pS;iF;gbM 

pF;pL;viE;gbM 

cF; pL; R; gbM; r 

F; S; iF : 

:fcF; (?); % f nr 

F; cS; IE; vglbM; * p , 

pF; S; vlE; vgiubM 

Cl;L;lC;iF 

Cl; ft inv 

■5; L; vRi; vniC; R; rrr ..._ 

cF; vS;R;bM 

No description ; near h.l962 

vF;vS;R I 

vF; pL; iE; rr; * nr , 

Cl; B; S; st pL : 

Xo description; 4' nt' 1964... 

pB; pL; vIE; pgmbM ; 

vF; vS; iR 

vF; eS; R; gbM 

F; 8; R; gbM; * 11 up 

eF;vS;E i 

; : I ; F; vL; viE; B * inv ...... 

Cl; cL; pRi; iR; st 11. ..14.. 
Cl; vL; llii; iC; rrr; 

F neb inv. 

vF; S; R; gbM; bet 2st 

vF;vS;sbM*12 

Cl; (in M, Wav).... ' 

Ci; pRi; eiCM; st 11...12...; 
,11; ©; tdl; vRi; vgeCM;; 
."”stTl...20. ; 

ipB; pL; E 45'+ ; vgmbM.... 
‘Cl;L;Ri;lCM;st9...12,..^ 
vF; pL; vgvlbiM j 


MDcccmv. 


E 
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SIR J. F. W. HEESCHEL’S CATALOGUE 


No. ' 


Referenc“es to 

; Ri-iit 

Annu-al 

Precession 

No, 1 North Polar 

Annual 

Precession 

No. 

of 

Obs., 

used. 

Ot ' 

Cata-| Sir J . F ‘s 
logriie ' Oaraio^riuis 

1 of Nebulio. 

Sir W. H.’g' 
rL.s.ses ' , 

and Nos. ; Authorities. 

.i.sLvnsion 

for 

Jan 0. 

in 

Right 
Ascension 
for 1'^,^) 

of : Instance 

Obs. i for 

used. ' ISfin Jan. 0. 

in 

N.P.D. 

for 

1K80. 

4234 

b. 

1970 

H. 

Lai. 30510 } 

h m ^ 

16 38 .36-0 : 

s 

+ 2-513 

1 65 56 10-0 

+6-90 

1 

4235 

3647 


16 39 3-5 

+ 5‘I47 

1 148 

44 47-7 

6-79 

1 

4236 


; 1. 280 

16 39 HM 

-3-036 

3 11 

33 21-3 

7-01 

3 

4237 

3648 

! A. 454 

16 .39 19-8 

+ 4-30H 

3 134 

28 15-7 

6-79 

3 

4238 

1971 

1 M. 12 

16 39 58-1 

3-110 

1 91 

41 47-4 

6-78 

2 

4239 

3649 


16 40 39-6 

5-171 

■2 14S 

58 2-1 

6-67 

2 

4240 

3650 

' A. 456 ? 

If) 40 41-4 

4-311 

1 l.‘?4 

28 33-4 

6-68 

1 

4241 


' D’ Arrest, 101 

16 41 24 

0-72 

r2" 28 

9 18 

6-72 


4242 


1)’ Arrest, 102 16 41 47 

0-68 

27 

46 0 

6-69 


4243 

3651 


16 41 51-9 

4-170 

1 130 

58 41-7 

6*59 

1 

4244 


IV. 50 

16 43 6*4 

1-678 

1 42 

s 38-8 

6-56 

1 

4245 

3652 

' A. 499 

16 44 14-5 

4197 

1 i;u 

33 3:-7 

6-39 

1 ' 

4246 

3653 

11.584 ' 

16 45 1*0 

3-584 

1 111 

55 47-5 

6-35 

1 

4247 


III. 727 ' 

,16 45 54-8 

1-932 

1 48 

1 25-6 

6-32 

1 . 

4248 


III. 735 : 

16 46 0-4 i 

1-775 

1 44 

20 25-3 

6-31 

1 

4249 

3654 

A. 520 

]6 46 3-5 

4112 

2 129 

16 12-2 

■ 6-24 

2 

42.50 



0-56 

... ' 26 

47 5 

. 6-26 


4251 

.3655 


16 47 33-9 

4-32" 

2 1,34 

3:! 17-6 

■ 6-12 

2 

4252 

3606 


16 47 40-8 

- 4-37.H 

2 1.35 42 21-0 

6-10 

2 

A253 


III. 974 

IC 47 5.5-2 

-6-988 

1 7 

9 0-3 

6-41 

1 

A254 


HI. 975 ; 

16 47 58-3 

— 7*058 

1 . 7 

5 59-7 

6-39 

1 ‘ 

4255 

3657 

1 A. 374 ? 

16 48 3-0 

+ 4-734 

1 . 142 

28 51-S 

6-06 

1 , 

1 1 

'4256 

1 ' 1 

ri9_72^ 
[.3659 J 

M.IO 

16 49 47-6 

3-159 

3 ; 93 

52 6-8 

5-96 

' 

*4257 

1973 

■HI. 689: 

If) 49 47-6 

2-121 

1 .53 IG 46-7 

■ 5-99 

1 

14258 

3658 

! 

,16 ,50 8*6 

4-032 

2 126 53 32-3 

5-91 

2 

1 

'4259 

1974 

^ 

16 50 ll’o 

2-OOK 

1 50 

9 37-h 

5-96 

1 


Stiminary Dp«criptiop from a 
C’oiaparison of all the 
Observations. Bemarks, 


i Total 
^ No. of 
' Iwnos 
\ of Obs’ 
! by hv : 
^anil H. 


!4-260‘ 3660 


A. 456 
M. 63 


O ; l ''S : R ; disc and ] 
border. 


B; cL; IE; .dbM 


; gmbM; 


!:; 0; vB; vL; iR 
rrr; st 10... 
pB;cL; R;g!bM;rr .,.! 
vL; vKi; IbM; stl3...13: 

;S;K;mb.M .j 

F ; S ; makes A with 2 
St 12 and 14 in, 
i-UcL; eRi(in .M.Way) , 
■B; L; K; Disc + F. r. borderl 
'I; B; cL;pRi;stlO...I3 ..i 
pB;cL;iH;rrr:stl4.,.l6..; 
" ' EDO"' I 

Cl; B; L; Hi; st8...11 j 

F;pS;!rr | 

Ci; pHi; vlC; iF; <1 L A S,..; 

Cl; L; !Ri; 1C; M 8... 12 ! 

F; S; b.M; pof2 


36 50 37’1 4*32G 3 134 26 53-8 5'S6 ; 3 


0; B; vL; R; gvmb.M;^ 
rrr; .St 3 ft. ..15. ! 

cF; cL; E90° ■•i 

0; vF; vL; iR; vgb.M; rrr; 
St 20. i 

vR(?) I 

vL;vRi;stll... 


4261’ 3661 1 

3 = 

> 16 52 18-7 

3-810 

5 

119 53 42-9 

5*73 

5 

; ©; ^'B; L; gmbM; rrr; 

5t 

4262 I 

A A. 627 

HI. 123 " 

J 

16 52 22-2 

2-523 ! 

1 

66 46 53-8 

5-76 

1 

St 14... 16. 

vF; pL; U; ibM 

i 

4263 3662 ! 

A. 521 

,16 52 26-0 ' 

4-130 

2 

129 30 46-3 

5-71 

2 

31; B; pL;cRi;stl0 

g 

ri975'l ! 
4264 .^ = >! 

.M. 19 

16 53 59-2 ’ 

3-701 ■ 

3 

116 3 13-0 

5-60 

2 0; vB; L; R; vCM; rrr; 

7 

1^3663j i 
4265i 3664 I 

' A. 556 

16 .55 16-3 

4-067 

1 

127 40 .56-4 

5-48 

St 16,.. red. 

1 Cl;L;pRi;lC;?t9...n ... 

1 

4266* i 

HI, 124 

■16 5,5 22-1 
16 55 52-8 



66 46 39-3 
39 51 36-0 


1 


1 

4267' ' 

HI. 728 

1-534 

1 

5-50 

1 vl-i cS; iR 


; ri976'i ; 
4268 3 = p, 

VL 11 

16 55 55-3 

3-661 

2 

114 33 37*9 

5-43 


0; B: L; R; gCM; rrr; 

s 

* '^366.5J 
4269. 3666 

11.195 

16 56 4,3-5 

1 

■17 1 28-2 1 

3-606 

1 

112 30 9-8 

5-36 

1 

St 16. 

0; cB; L; R; gpmCM; rrr; 

3 

' ri9771 

4270 3 = y VL 1 2 

i 3-716 

i ^ 

llG 23 1.3-1 

4-97 

2 

St 16. 

0: vB; L; R; psbM; rrr; 

4 

! ; 136B7 J 

14271, 1978 

|4272: 

4273 3668 

1 

17 1 34-2 

...... ' 17 3 51-8 

1 3-715 

' 0-57 

! 5-588 

1 

[1] 

2 

116 22 .33-5 
27 21 54 
152 39 3-3 

4-95 

4-86 

4-71 

1 

cn 

st 16; F neb f. 

F; S; vgbM; ©p ............ 

vF; vS; R 

F; vL; vlE; am st; 2 st inr... 

1 

0 

2 

4274! 

TV. 57 i ... 

17 4 10-8 
17 5 40-2 



47 29 24"4 

4-78 

4-60 



2 

42751 3670 

1. 147 ' 

3-803 

2 

|119 17 18*0 

2 

©; B; cL; R; s.vgibM; rrr; 

3 

■4276’ 3669 

(4277 

1 ; 

■ 17 5 46-4 

5*242 

0-73 
+ 0-71 

1 

[1] 

[1] 

' 149 0 21-5 
29 3 54 

28 49 54 

4-55 
4-59 
+ 4-58 

1 

*[1] 

jCi] 

8tl6...17. 

vF;vS;R;g!bM 

pF- vS' R; *13 nr.... 

1 

0 I 

14278 

F;pL;lE 

0 
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of j 

Cata- Sir J. II.’s jSir W. H.’s 
iogue. Catalogues j Classes 
of Nebula'.! and Nos. 


Other j 
Authorities. | 


■ Annual : | 

I Right ! Precession ' No. : North Polar 
! Ascension j in 'of Distance 
j for I Eight Obs. ' for 

l^JO, Jan. 0. Ascension used.' 1860, Jan. 0. 
: for 188(j. . 


Annual 

' Precession ' No. [ „ „ 

; in 1 of buminar}- Description from a 
! N.P.D. \ Ohs ' Comparison of ail the 
' Ibr I us,-(l ! ObserTauoiie, Remarks. &c. 


4281 ' 3673 I 

14282 i 111.945 

■4283 3676 j 

;4284 3675 ; 

■4285 3674 ! 

;4286 111.951 

I : [19791' 

14287 

J \3677j 

■4288 3678 ' ' 

j 4289 3679 ' 

14290 3680 

4291 11.812 

A 292 1980 11.767 

'4293 1. 149 

i 4294 

,4295 3681 I. 46 

4296 36 b 3 I. 48 


:4297 3682 

i4298 

;4299 3685 

i43U0 3684 


i ri9^n 

;4302<' = > 

1 13686 J 

■'4303 

j4304 3687 

4305! 3688 ' 
4306 3689 
:4307i 3690 
1 : ; 

14308 

i4309| 3691 ' 

j43io; 3693 : 
14311 1 3692 ' 
|4312; 3694 ■ 

14313; 3696 I 

I ! r 19821 1 
i4314'^ = >1 

' 13697J } 
: [19831 
4315,.^ = S 
! [3698 J 
43l6i 3695 
4317 4020 

4318; 3699 
4319! 3700 

4320 'i 

432l| ...... 

43221 3701' 
4323. 3702 
43241 3702' 
43251 



17 

7 

49*0 

+ 3*765 

2 

H7 

58 

27*9 

17 

8 

4*2 

4140 

1;; 

129 

17 

11*4 

17 

8 

45-0 

+ 4*279 

2 

132 

43 

29*9 

17 

9 

14-5 

-2*000 

1 

14 

23 

21*1 

17 

9 

30-9 

+ 3*643 

1 

113 

35 

51*4 

17 

9 

41-0 

4*722 

2 

141 

35 

30*9 

17 

9 

5j "7 

+ 5*861 

2 

154 

51 

25*4 

17 

10 

45-4 

-3*497 


11 

12 

41*4 

17 

10 

57*6 

+3*50^ 

2 

108 

22 

59*8 

17 

11 

31-9 

4*021 

2 

125 

54 

52*0 

17 

11 

35‘8 

3*828 

1:: 

120 

0 

3*0 

17 

12 

40-1 

4*109 

3 

128 

20 

0*0 

17 

12 

40-7 

+ 1*011 

1 

32 

24 

7*4 

17 

12 

44-1 

-1*062 

1 

17 

32 

6*2 

17 

12 

47-8 

+ 3'535 

1 

109 

25 

12*0 

17 

12 

56*9 

Db40 


46 

43 

31*2 

17 

15 

D>2 

3*7l.> 

1 

116 

12 

43*4 

17 

15 

23*2 

3*491 

1 

107 

40 

23*4 

17 

15 

28-0 

3*960 

1 

124 

3 

6*8 

17 

)6 

23 

0*61 

[1] 

28 

4 

54 

17 

16 

2«-0 

.3*827 

1 

119 

51 

37*1 

17 

17 

23*3 

6*1 Go 

2 

156 

55 

47*9 

17 

20 

19-2 

3*184 


94 

57 

2*0 

'l7 

20 

50*4 

3*650 

2 

113 

37 

47*3 

17 

22 

2-6 

2*412 

1 

' 63 

25 

22*2 

17 

22 

SS'l 

3*913 

1 

122 

28 

48*3 

17 

24 

47*4 

4*142 

1 

128 

58 

1*5 

17 

25 

34-1 

3*915 

3 

122 

28 

38*7 

17 

26 

3'2 

4*380 

2 

, 134 

38 

32*2 

17 

26 

3-6 

2*680 

1 

: 73 

29 

2*4 

17 

27 

57*9 

6*657 

2 

159 

41 

19*0 

,17 

28 

5 DO 

3*998 

1 

124 

54 

49*0 

17 

29 

17*3 

4*871 

2 

143 

35 

5*2 

17 

29 

48*6 

5*527 

1 

151 

36 

5*1 

!17 

30 

1-9 

; 4*067 

'■ 1 

126 

51 

8*0 


30 

6-9 

; 3*658 

■ 4 

113 

48 

55*0 

1 

17 

30 

160 

; 3*146 

2 

' 

93 

9 

25*0 

\\7 

30 

18*8 

! 5*528 

1:: 

' 151 

36 

3*9 

117 

30 

26*3 

i 3*939 

1 

123 

9 

16*8 

il7 

30 

55-8 

: 3*905 

1 

. 122 

7 

4*9 

|17 

32 

15*0: 

; 5*436 

1 

150 

39 

39*1 

;i7 

33 

56 i 

i +0*69 

[2] 

! 1 

29 

6 

12 

ji7 

34 

7*6! 

i -2*177 

14 

11 

11*9 

ll7 

35 

0-1 

I +4*002 

1 L: 

1 124 

56 

32*1 

|17 

35 

9-3 

' 3*912 

! 2 

122 

17 

0*5 

ii7 

36 

30-1 ' 

j 3*957 

1 

+23 

37 

33*2 


37 

53*61 

j +2*997 

1 

1 86 

44 

25*5 


1 ©; cB; )iS; K; gvmbM; rrr; 
j St 16. ,. 17 . ; 

pL; Ri ; R; gbM; 

I St 12. ..14. 

|C!; vL; pPii; 1C { nf taken ) 

ivF; S; £; S*s 1 

ipF; L; R ; rr 

0;pB; vS; R ' 

‘ !vF; vS; vlE; gihM 

loF; S ; 

! ; 

|0; B; L; R; eCM; rrr; stl4 

jcF'; vL; icE; vglbi'; S inv 

Diffused neb in {)atches 

. !!!!; @ ; eF; S; am St' ' 

:F; S; R; vglbM 

!cF; pL; K; vgmbM 

icB; pS; IE; er 

. '0; vB; vL; eCM; rrr; St S.. 

leF; L; R; gbM; rrr 

0; vB; cL; vgvmbM; rrr; 

; St 20 . ! 

:F; L; E; VglbM; *iuv ! 

] pB; S; R;bMX = ttl2 ; 

Xt'b in patches (M. Waj^) ... 

' '0; cB; L; vgmbM; rrr; 

! sti4...ir. 

. iF; L; vlbM (Wimiecke,; 
i April! 2, 1860). 


ivF;pL;iF 

:ci; S; P; IHiriv ’ 

iel'; pS; IE; #9 att | 

,Cl;st6*7, 13 

;0; vB; L; R; jig, psvmbM; 

; rrr; St 17 ... ' 

.F; S; iF; er I 

cF; S; R; gllAl; *13sp ...: 

Cl;pL;lRi;lC ! 

0; B; vL; Ri; sil3 

eF; S; R; pof2 ...' 

CI;pL; pRi; ill; 8t9...10..., 

:pB;pL; R; ti.l2finv ^ 


2 I; ©; B; vL; R; cRi; 7 

1 VgmbM; rrr.; St .15.., 16. 

1 .ceFlfof2 , 1 

1 Ul; F; L; pBi; !C: stl3...i5; 1 

1 CI;L:iR:IC;st7J0 * 4 

1 .eF; S: 11; Sstnr i 2 

[2]vS;cbM... ! 0 

1 10; cL: R; vgbM; rr.... i I 

1 iNeoalous portion of M. Wav 1 

2 ;ci;vL;Ri;IC 2 

1 [Cl; vL; pRi; St 8,..12 ...... 1 

1 ,F;cL;iF 1 
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SIR J. F. W. HERSCHEL’S CATALOGUE 


No. 

of 

Cata-i 

logue. 


, i 

Mrencesto | 

Annual 

Precession 

No. 1 North Polar 
of Distance 

Obs. ' for 

used.’ 18f)0, Jan. 0. 

' 

Annual 

Precession 

1 Summary Description from a | 
Qjjg 1 Comparison of al! the i 

used ' Observations, Remarks, Ac. j 

i : 

Total 
No- of 

Sir ,T. H.'s Sir W. H.'s : for 

9atalogiies Ctees | j^^^aionties , Jan. 0. 

jfiNebula?, and > os, 1 ; 

Right 
Ascension 
for mi. 

N.PD. 

for 

1880. 

ofObft. 
b? h. 
nd H. 

r 

4326' 

h. 

3703 

n. ; ' h m a 

...... ' 17 37 56-4 

+ .3-887 

1 '121 27 58-6 

+ 1-82 

i 

1 !Ci;pS;lRi;lC;stl0...12..i 

1 

4327 ! 

1984 i 
1987 i 
3704 

' . 17 .38 46-0 

+ 3-689 
-1-069 
+ 4-019 

1 114 49 51-5 

1 . 17 49 22-7 
1:: 125 22 49-8 

1-75 

1 !Cl;stvS ....; 

1 , 

432rt: 

nr. 741 17 30 11-8 

1-69 

1 ivF; vS; R; stellar; *8s | 

2 ' 

4329i 

17 39 39-5 

1-66 

I : :'CI ; F ; eL ; S st + neb ' 

1 

4330 : 

|433lj 

3701 

...... 1 17 39 43-4 

1.9-744 

1 176 24 24-0 

1-20 

1 ;f)B;R;vgbM 

1 

1985 

1.150' 17 40 32-5 

3-565 

1 110 18 21-0 

1-60 

1 'pB;pL;R;bM ....| 

3 ' 

4332| 

3705 

i A. 567 17 40 41-6 

4-077 

2 12 ; 0 0-1 

1-57 

2 ;0; vB; pL; K; vgmbM;' 

2 

4333 ' 

1 

1986 *’ 

ILS86 17 40 54-7 

3-557 

2 109 58 .3-8 

1*56 

; rrr; stl8,..20. 

2 'pB; pS; R; gb.M; r; *15 lip 

3 

' 4334 : 

4335 ' 

3706 

A. 597 ? 17 40 55-0 

3-999 

1:. 124 48 46-5 

1-55 

I;:’!’!; vL; vRi; .st I2...13 

i 

3707 : 

VL 13 17 41 40-5 

3-847 

2 120 10 12-7 

1-49 

2 Cl:pL;pRi;bifi(i;stl2... i 

3t 

4336' 

37 O 8 ; 

17 41 .5Q-7 

3- 991 

4- 018 

1 • • 124 34 4.3-8 

1-46 

1 :;cL: ill; pmbM; r 

1 

4337 

3709 i 

17 42 3?5 

1:; 125 20 42-0 

1-40 

1 :: Cl; rr; steS + neb 

1 

4338' 

4339 

1988 

3711 

17 44 16-s 

3-705 

3-620 

1 115 21 .32-1 

1-27 

1 :eF;S;(?) 

1 

17 44 29-7 

1 112 18 23-5 

1-2.5 

1 Cl; pKi (in M. Wav) 

1 

4340 

3710 

M.7 (Lacaille) 17 44 39*6 

3-999 

1 124 46 .37-9 

1-23 

1 Cl; vB;pRi;lC;st7...12... 

3 

434}; 

3712 


3-815 

1:. 119 5 36-3 

1-21 

1 ; : Neb or Jiebulotis patch of M. 

1 

4342 I 

3713 ' 1 

17 45 36-6 

3-855 

1 120 23 56-5 

1-15 

' Way. 

1 N>b or nebulous patch of M. 

H 

1 

4343 ! 

1989 . 

17 45 57-6 

2-.502 

1 66 53 1.5-5 

115 

' Way. 

1 I; vF; S; R; vsvnibMvSRN. 

n ' 

4344 ' 

3713 

17 46 1-3 

5-767 

1 153 .38 2-5 

1-05 

1 F; S; E; bM; bet2stl0 ... 

1 ■ 

4345 

3714 

17 48 31-2 

6-132 

1 1.56 24 42-9 

0-83 

1 dF; pmE90-; *121,att... 

1 ! 
6 j 

4346' 

1990 

M.23 17 48 40-9 

3-532 

3 108 .59 4.3-7 

0-»9 

3 Cl; B: vL; pUi; IC; 

! 

4347 

3715 

; A. 460? 17 48 51-4 

4-372 

2 134 13 52-2 

0-84 

St 9-10, 11. ..13. 

2 N\'h + Cl.pL;tnE;gvibM... 

2 ! 

4348' 


III. 957 ' 17 49 25-1 

2-631 

1 71 42 . 59-5 

0-85 

1 vF;v8;pof2 

1 1 

4349; 


ill. 958 17 49 31- 1 

2-629 

1 71 <38 58-5 

0-8.5 

1 vF;vS;fof2 

1 

4350! 

3716 ; 

’ 17 50 20-0 

+ 5-991 

2 155 23 58-1 

0-67 

2 tF; vS; f *of Jtnv 

2 i 

4351' 


' Auw. N.S7 17 50 54-1 

-0-638 

... 19 49 12-3 

0-81 

... pF; L; mE(.\u\vers,,liilv 22, 

« 1 

1 1 

!4352| 

3717 : 

1 

! 17 51 10-6 

+ 3-685 

1 114 .38 24-1 

0-67 

1854). 

1 Cl: Ri;'eL;viC 

1 , 

14353 

VIII. 53 ' 17 51 30-0 

3-491 

1 107 23 18-2 

0-64 

1 Cl;p.8;lRi;lC 

1 ' 

,4354 


D'Arrest. 109 17 53 43 

0-49 

[2] 27 20 24 

0-53 

r2'^ vF; R: Lstof3 

0 : 

1 1 

Aassi' 

j'i99n 

r IV. 411 

V. 10 , > M .20 17 53 51-8 

.3-640 

3 11.3 1 39-9 

0-43 

3 !!1; vB; vL; trifid; ^ inv ... 

Mmi 1 

!4356| 

13718/ 

tll,12j_ 

' 0-4S 

[2j 27 18 30 

0-50 

^21 iF; vS; 2tidof3 ; 

. i 

'4357 

3719 

11.199 17 54 1.3-9 

3-282 

2 98 56 37-3 

0-41 

2 pB;pL;R; rr 

3 j 

14358. 

3721 VII. 7 17 54 36-4 

3-779 

1 117 5.3 32-8 

0-36 

1 (:l;pS; Ri;lC:st9...13 ... 

3 

,4359! 

3720 

I. 49 17 54 37-2 

3-845 

2 120 I 29-8 

0-36 

2 0 ; B; pL; R; gvmbM ; rrr; ! 

3 I 

;436{)’ 


D’Arrest,liri7 54 .38 

0-49 

[2] 27 22 0 

' 0-46 

■ stl6...17. 

2 F:pL;3rdof3 ' 

! 

0 

:436]' 

3722 ' 

M.S 17 55 17*9 

3-677 

3 114 21 1.5-3 

0-31 

3 ! ! ! ; vB; eL ; eiF; with LCl ... 

“ Mon.t 

' 4362 : 

i4363 

'4364; 

1992 


2- Hll 
3*652 

3- 846 

1 78 57 6*6 

0-32 

1 

1 

V Q 17 .5.1 .3Q'8 

1 113 27 28-4 

0-28 

1 F;L;cE 

1 

3723 ' 

11.200 ‘ 17 55 51-7 

2 120 .3 24-5 

0-25 

' 2 ®; pF; cS; R; gbM;i 

3* 

I 4365 

3724 


4-054 

' 1 :: 126 18 6-9 

' 0-2.3 

rrr; st 16 . ,. 17 . i 

];: C1 (in M. Wav) ! 

I 

|4366; 

3725 

...... ! 17 56 6-0 

3-677 

.2 114 19 5S-9 

0-23 

2 Cl; B; L; pRi; vL neb p ...' 

1 2 

j4367! 

1993 

M.2I 17 56 13-8’ 3-626 

1 : 112 30 8-6 

0-22 

1 Cl;pRi;lC;st9...12 

1 2 

14368 

I 4369 ! 


V. 13 17 .56 32-3 

; 3-692 

' ,3-076 

1 114 .53 23-7 

' ... 90 17 44-9 

; 0-19 

1 cL; eiF; st f .................. 

1 1* i 


. Auw.N.38 17 66 38-5 

; 0-20 

... ipF; vS; vSneb*p (Hind, 

; 0 1 

i 

4370 ; 


1 Amr.N .39 17 57 15-0 

i 3-247 

; ... 97 34 58-4 

' 0-15 

; Ap. 1852). 

... '(Brorsen, 1856.) No descrip- 

1 ® 

4371 


11.198 ... 1/ 57 •^7*3 

' 3-778 

+ 4-350 

■ 1 '117 49 20-6 

,2 133 43 25-8 

■ 0-12 

; tion. 

1 pF; S; iE; erorCl 

1 i 

i 1 i 

!4372 

3726 

...... 1 A. 473 17 57 50-9 

0-06 

‘ 2 B; R; eC; gbM; rrr; 

! 2* 

4373 

...... 

IV. 37 ! 17 58 20-0 

i- 0-023 

! 1 23 22 9-5 

+ 0-15 

1 «itl5,..l6, 

' 1 ',3 ; vB; pS; sbMv'SN 

t 

1 1 

4374 

1994 

11.197 17 68 42-4 '-4- . 3-696 

! 1 115 0.52-0 

’ 0-00 

1 'eF;pL:iR;r..... 

i ^ 
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' Eeferencos to 

&o. 

Eight i 

Ascension : 

for ; 

IHOO, Jan, 0. 

Annual 

Precession 

m 

Eight 
Ascension 
for 1880. 

of 

Obs. 

used. 

North Polar 
Distance 
for 

186(». Jan. 0. 

Annual 

Precc^.sion 

m 

N.P.D. 

for 

18,-.0. 

1 ! Total j 

' Suinmarj Descripuon from a j 

A, i Comparison of all the i ' 

1 Observations. Remarks, &c. I*" 1 

uM-d. , ’ 1 bv h 1 

j {andR; 

01 

Cata- Sir J.E’s -SirW.H.’s 
logiie.' Catalogues Cljisses 
i of Nebula', and Nos 

1 i 

Other 

Authorities. 

! h, ; H. 


h m s ; 

R 





! 

4375 3727 i 


17 58 4.r8 ' 4 5*788 

1 

153 47 28*2 

-0*06 

1 :eeF;eeS;R ... i 

If , 

4376 3729 ' 



3*646 

1:: 

113 14 0-0 

0-00 

vL; vRi ... 1 

1 J 



1 7 59 39 1 

2624 

1 

71 27 7*8 

-0-04 

1 :cF;S; IE; r .... 1 

1 , 

4378 3730 'IV. 12 


18 0 44*2 

3-722 

1 

115 56 17-6 

0-18 

1 ,01 L; IE; vglbM; ti;\ 

3 j 

< 

4379 1995 


18 0 50 8 

3*518 

1 

108 26 46*6 

0*18 

1 ,Cl; pRi; vlC; St L & S 

1 i 

4380 3733 


18 1 9*8, 

3*769 

1 

117 32 31*7 

0*21 

1 F; vL; cE; IbM; rr 

1 ' 

4381 3728 


18 1 11*4' 

8*690 

1 

166 .36 39*2 

0*36 

1 vF; vS; R; gIbM 

1 , 

4382 3731 


18 1 12*2 

3*900 

3 

121 46 50*4 

0*22 

3 @;pB;pL;R;glbM;rrr;stl(j 

3 

4383 11 902 


18 1 18*7 

2*649 

1 

72 25 54-3 

0*19 

1 :F;L;R;vglbM 

1 

ri996'^) 







; 


4384 


18 1 23*9 

3*671 

2 

114 7 30*1 

0*23 

2 ,vF; vL; IE; * inv ' 

2 








4383 1997 VIII. 54 


18 2 24*7 ' 

3*476 

1 

106 48 57*7 

0*31 

1 *Cl;L;lC;stcL ' 

3 ' 

4386 3734 


18 2 47*5 

3*970 

1 

123 53 29*2 

0*36 

2 O; F; L; cE; hazv border.. 

2 

4387 

D’Aiwrt, 112 18 3 51 

1*34 

ri] 

37 44 0 

0*38 

[1] eF; vS; K; sjf I6 nr 


j 1998'] 

4388 < = VII. 30 


18 4 20*6 

3*602 

2 

111 37 33 6 

0*48 

2 Cl;vL;IC ; 

3 

1^3; 35 j 

4389 3736 11,201 

A. 619 

18 4 33*3 

3*902 

3 

121 51 0*7 

0*51 

3 ,0; cB; L; R; rrr; St 15 ^ 

5 

4390 2000 

2.6 

18 5 17*8 ■ 

2*9 1 2 

1 

S3 10 53*5 

0*55 

2 0; iB; vS; R; 1 hazv 

:r 

4301 1009 


1 8 5 23*5 

3*617 

1: 

112 10 47*6 

0*58 

1 Cl;stvS 

1 

I'joon 







4392 < = ,>V1I. 31 


18 7 24*1 

3*616 

2 

112 10 21*5 

0*75 

2 Cl; pRi; pC; cE; st 13 

3 

[ 3739 









4393 3737 

A. 376 

18 7 24*6 

4*797 

2 

142 15 13*3 

0*79 

2 0;cB;cL;R;gmbM;rrr;stl5 

2 

4394 3738 


18 7 56*9 

5*793 

1 

153 51 18*2 


1 eF; S; *6, sp 

1 

4395 2002 


18 8 47*2 

3*529 

I 

109 55 8-6 

0*88 

3 F; pL; cE; inv 

3t 

4396 2003 Vm.55 


1 8 .9 28*2 

.3'473 

1 

106 41 22*1 

0*93 

1 Ci;‘iC' r 


4397 2004 

M. 24 

l8 10 13-7 

3*518 

2 ■ 

108 28 7*3 

0*99 

2 I; Cl; vRi; vmC; R; st 15 

4- 








(M. Wav). 


‘4398 3740 Vlll.lo 


18 10 14*2 

3*363 

1 

102 17 10*3 

0 99 

1 Ci;lRi;lC 


4399 2005 


18 10 20*9 

3*429 

1 

104 .59 37*7 

1*01 

1 Cl;lRi:!C;stl0...12 

1 

,440(1 2006 ' 

M.16 

18 10 57*0 

3*40i 

i:: 

103 50 2*2 

1 *06 

1 Ci; at least 100 st L & S .. 

3 ' 

i4401 2007 

M. 18 

18 11 44*6 

3*485 

1:: 

107 11 8*1 

1*13 

I Cl;P:viC 

4 

'4402 374] 


18 11 45*3 

5*724 

' 2 

153 17 47*0 

1*20 

2 vF ; 8 ; R ; gvtbM ; 9 o 

2 

';4403 2008 

M. 17 

18 12 33*1 

3*460 

2 

106 13 36*0 

1*20 

2 ! ! I ; B ; eL; eiF ; 2-hooked , . 

9t 

'4404 3742 I. 50 


1« 14 41*9 

3*855 

3 

120 25 26*0 

1*40 

3 9; iB: pL; K: rrr; st 16 ., 

4 

'4405 2009 


18 15 20*7 

3*358 

1:: 

102 5 58*8 

1*44 

1 IC; iKi; !C: st 11...12 

1 

; ^ ,'201 o'] 

i4406<; = > 

M. 28 

18 15 55*4 

3*692 


114 56 30*0 

: 1*50 

2 !; 0; vB;L;R;geCM;rn-; 

8 

i : 







st 14. .16. ' 


|4407 3744 11. 204 


18 17 13*4 

3*645 

1 

113 16 30*4 

1*62 

1 0 or 0; pB; eeS; R ' 

2 

14408 3745 


18 19 12*0 

5*726 

1 

153 -22 22*3 

1*85 

1 pF;.8:R;gbM 

I 

i4409 3/46 


18 19 23*4 

3-358 

1 

102 6 42*3 

. 1*79 

i Ci;pL;pRi;st 12...15 

1 

*44 10 VIII. 72 

C, H. 

18 20 4.3*1 

2*921 

1 

83 31 1.5*3 

' i-89 

1 Ci:!C:stL ....‘ 

.9 

5076 ! 


44-6 



123 30 27*3 


... See Xo. 50/6 

0 

!44n; ' 

M.69=A.6]3I8 22 1.3*2 

3*917 

3 

122 26 33*5 

2*05 

3 0; B; E; R; rrr; st 14.. .16' 

4* 

'4412 374s ' I. 51 


18 22 16*6 

3*708 

1 

115 34 55*5 

2-05 

1 0; B; S; R; rr 

2 

^4413 2011 : 


18 23 4*6 

3*385 

1 

103 15 12*7 

2*11 

1 Cl ( ill M, Wav 1 

1 

, f2012"| 









44147 = V 11.205 


18 23 24*2 

+ 3-651 

3 

113 33 57*5 

, 2*15 

3 : pB ; tR. : i H ; cpmbM ; rn ; 

4 i 

i L3749 J ' 







TstlG.^ '' , 


4415 : 

Auw. N. 40 

*18 23 35*4 

-1*719 


' 15 29 47*7 

2*01 

... ::;pB;i'T.: E50=: 2stpFt?r, 

0* 

1 







fTuuio.) j 


4416 2013 VI. 23 


48 24 31*5 

-8 3*477 

1 

106 59 3*8 

2*24 

1 Cl; pL: '’Ri; pC; st 11...15 , 

2 

4417 11-907 


18 24 55*8 

1*967 

1 

.50 14 52*8 

2*24 

1 r:S:!F ; 

1 

4418 2014 IVIIl. 14 


;18 25 4*6 

3-488 

1:: 

; 107 26 2*3 

' 2*29 

1 v\. L: Ui: IC; st vS 

2 

4419^ ...... ! ...... 

Auw. M. 41 

il8 25 4*9 

0*230 


25 5 44*2 

, 2*20 

pini'i: :7 (S- 

0 

4420! 3751 ' 




J 

100 29 32*8 

2*34 

"l Cl; F;1C; p8; #19*10,12... 13, 

1 

4421 3752 ; 

A. 607 

48 26 32-0, +3*936 

4 

123 5 5*1 

-2*43 

4 !j- S; iE; rrr; .st 15 

5 
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References to 


So ^ 

loane. Catnlo-nes Clasfs 

I “ of Nebula.’, and jSoe. 


Other 


Eight 

Ascension 

for 


Annual 
, Precesaon 
I in 
Eight 
Ascension 
for 1880. 


1 — - 

h. 

14422 

3750 

■4423 

1 

‘ '( 

'2015 V 

4424 < 

3753 j 

4425 

2016 

4426 

3754 

4427 

v}/ 55 

;4428 

3756 

4429 

2017 

4430 

2018 

+431 

3757 

4432 

3758 

4433 


4434 

S59 

4435 


44.36 

3760 

,4437 

2019 

+438 

3761 

+439 

4021 

+440 

2020 

+441 

3762 

4442 

3763 


' li in s ^ 

1 Ig 27 8-1 +7-511 

i Auw. N.4“2 18 27 19-3 3-210 

M. 22 18 27 52-1 3-662 


18 28 

VliL12 5^29 

18 32 

M. 70=A.614 18 34 
18 34 


VI. 15 


’m'.'26 


“m. 11 


5-1 
2*0 
4-9 
9-9 

18 34 41-1 
18 3.5 9-5 
18 37 32-G 
18 39 37-8 

18 40 6-8 

Auw.N. 43 IS 43 18-8 

18 43 36-G 
18 43 37-2 

18 44 2-1 

h'.'o’ 18 -l-l 1^*’ 

18 44 52-0 

I. 47 ■ 18 45 29-2 

>I.54=A.624 18 46 6-2 

4443 2021 ; 1^ 

4444 j I 111.143 18 46 39-8 

18 47 25-9 

I 18 48 2-6 

/ \ 18 48 20*1 

1 DArquter J 

18 48 51-4 

18 49 59-0 , 

A. 573 18 50 5-5 


.4445 

■4446 

,4447 


3764 

3765 

2023 


^4448 3767 
14449 3768 
4450 3770 


14451 

14452 

.4453 

4454 

4455 

I4456 

144.57 

'4458 

'4459 

'4460 

4461 

14462 

14463 
4464 
|4465 
j4466 
14467 
*4468, 
4469 
4470, 

4471 

4472 

4473 


2024 

3769 


VIII 


37n 

3773 

2025 

3774 

2026 

2027 

3775 


2028 

3776 

3777 

2029 

3778 

3779 

3780 

2030 

2031 

3781 


III. 


I 18 50 25-1 

I ' 18 50 26-1 

18 52 20-9 

18 52 32-0 

18 53 15-0 , 

i 18 53 29'2 

' 18 53 33-1 

; ' 18 53 44-6 

' ”” 18 63 59-2 

18 54 50-0 

, IS 55 7-2 

D’ Arrest, 113 18 55 32-0 

18 55 58-2 . 
"18 56 26-8, 
18 57 31-7 

18 57 56*6 
,18 58 28*0 ’ 

18 59 37-5 

19 0 33*6. 

0 50-5 

1 46*5 

2 15*9 
4 4*8 


A. 262 


A. 295 


19 

19 

:i9 

Auw.K.44 19 


2- 496 

3- 266 
5*603 

3*910 

3*185 

3*219 

5*941 

.3*293 

3*715 
5*131 
3*1 9-2 

5*679 

3*219 

4*873 

4*866 

2*836 

3*276 

3*846 

3*549 

3*623 

6*042 

6*430 

2*228 

5*153 

5*874 

4*047 

2*838 

4*8"! 

3*281 

6*472 

5*552 

5*938 

3*086 

5*934 

3-512 

2*810 

5*463 

1*618 

2-351 

5*730 

5*518 

3*035 

5*324 

5*085 

4*653 

2*981 

2*971 

5*014 
+ 3*051 


j I Annual 

No. j North Polar iPreceasLou 
of ! Distance i ^ 

'Obs 1 for i 

usc’d.l 1800, Jan. 0. , for 

1 163 22 49-3 ! 

-2-59 

... ' 96 4 46*7 , 

2*45 

4 : 114 0 25*8 : 

2*54 

1 : 66 32 22*1 

2*53 

1 98 20 0*1 

2*63 

2 152 25 36*5 

2*95 

;i 122 25 12*6 

3-08 

1 94 53 29-9 

3*07 

} yG 21 12-4 

3*12 

2 155 19 18*8 

3*24 

1 99 31 57*9 

3*37 

1 llG 3 40*2 

3*5C 

1 117 27 46*8 

3*C4 

; ... 95 22 G*4 

3-86 

, 1 153 19 39-2 

3*96 


I ! ; ' Total i 

1 Annual | ^ 

i Precession i No. : gummar? Description from a 
j in 1 of Comparison of all the 1 , 

I N.P.D I tlhs Obsen'ations. Beinarks, kc. j , 

. fo*" Ush. 


96 26 7-0 
143 58 46*9 
143 53 19-3 

79 49 0*6 

98 52 h*5 
120 38 29*7 

110 4 8*1 

112 52 17-2 i 

156 17 14-0 

158 47 1-2 i 

57 8 5^*2 

1 47 56 49-3 

155 5 21*7 
126 48 45*9 

; 79 49 16*2 
'144 7 32*7 
: 99 7 33*8 

159 6 45*8 ; 

■ 152 23 37-6 

155 39 40*7 
, 90 39 5*1 , 
155 38 10*4 ; 
; 108 44 8*6 I 
; 78 35 18*1 
i 151 34 23*8 
1 i 41 45 14*2 

1 I 60 55 35*4 

2 154 3 58*5 

1 ■ 152 10 36*1 
1 ; 88 25 11-0 
5 ' 150 11 49‘7 

1 , 147 15 30*0 

2 140 51 32*9 

3 85 59 17*5 

2 ; 85 32 43*1 
1 i 146 32 24*1 
Au I 89 11 51 


3*88 
3*97 
3 99 
3*98 
4*05 
4*11 

4*13 

4*16 

4*30 

4*36 


4*26 ; 3 

4*39 

4*51 

4*47 

4*46 

4*51 

4*64 

4*74 

4*7« 

4*81 

4*73 

4*82 

4*78 

4*83 

4.94 

4*86 

4*92 

5*05 

5*13 

6*10 

5-21 

5*30 

5*37 

6*35 

5*43 

5-53 

-5*62 


1 vF;S;lE;glbM 1 ^ 

:pF;vS; E (Winnecke, Junci 0 
I 1855). I 

4 vL; R;vRi;vinC;’ 10 

'stn...l6. I 

1 C1;P;1C ’ \ 

1 Cl;L;pRi;vlC ' 3 

2 pF;S;K;i>^hM:r. ' 2 

3 0;B;pl4R;gbM:stl4...17 4 

1 Cl; L; Ki; St 10...18 ! 1 

1 Cl; vRi; vie (in M.Way)... i 

2 vB ; pL ; U; V g.psvmbM ; *7 p ~ 

1 Cl; cL; pRi; pC; stl2...15.. b | 

1 Cl(r);vF;<T J j 

] .)F; pS; 1E90‘'; pslbM 1 ; 

Cl; B; 60 St 13 (Winuecke, 0 ; 
1854 ). _ 

1 Neb. No description ' ' 

2 :;C};vB;L;iU;Ri;i>tlL.ll.. 81 ; 

2 F;S;vlE;gbM 3 

2 pF; S; R;glMb>I;lu.^toCgi 2 ; 

1 C'l; pRi; 1C; iF 1 1 

1 0; pB; vL; ir; vglhM; rrr 2 

3 0; vB; L; R;g+nR>^l; rrr; 6 j 

St 15. ■ I 

1 Cl; pRi;s<t9...13 1 j 

' 2 F; S; rr Cl + neb 3 j 

2 vF;S;R;glbM;*9si) 2 | 

2 vF; pL; R; vgvlbM ......... 2 j 

®;B: pL; cL (ml 1 

1 •> , 

iiF; cS; R; vmbM 1 1 

.F;S;E;gibM;2st8p ... 1 | 

©; vL; vlE; vgbM; rrr: 1 
stU...lG. , 

Cluster 

eF;pL;R ’ 

Cl;vL;P 

vF;S;ll;pnibM:*7, 8nt j 1 

eeF; vgIbM; V difficult j 1 

vF; S; R;glbM;pof2 1 

Cl;vL;P;sti2... 

eF; S;K;glbM;fof2 1 

Cl; pL; pRl; ^ 

C1;P;IE ; I 

icF; vS; cE; psbM ; 3 st p ...1 2 

IvF; stellar | 

ia;pL;P;stn...l2 ; 1 

■cB; cL; R; vg, svmbM; r ...| 2 

;eF;cS;R;gibM ] 

Ul;L;lC;stL& S .4 J 

,0;B;vL;iR;rrr; St U...16 5 

pB;pL;R:gbM | 1 

pF;pL;mE63^vglbM,.. .. 2 

Cl; vL;vRi;pC;8tl2...14.., 5 

1 Cl;S;Ri;lC;stll...l2 ...| 5 

Au n^pl;pL;‘giM;’u«^*?(Hi^^^ 0* ] 



OF KEBTJL.F AJfD CLL'STEES OF STAES. 


127 


4474 ; 

[4475 

4476 

4477' 

14478 

14479 

|4480 

14481 


li. 

3782 
3786 

3783 

3784 

3785 

2032 

2033 

2034 


j4482 2035 

i4483 3787 

A484 

14485 


'4486 
!4487 
;4488 
14489 
;4490 

4491 
|4492 
I4493 
4494 
14495 

.'4496 

4497 

'449b 
14499 
4500 
;4501 
j4502 

14503 3798 


2036 

3788 

2037 

3789 

3790 

2t)3?i 

3791 

2039 

3792 

2040 

3793 

2041 

2042 

2043 

3796 

3795 

3794 


14504 

|4505 

14506 

|4507 

•4508 

4509 

4510 
4511, 

4512 

4513 
4514' 
4615' 
4516' 

4517 

4518 

4519 
4520' 
452L 

4522 ; 

4523'' 

4524i 

4525 ; 

4526| 

4527' 

45281 

4529 ! 

45S0’ 
4531 1 


-9797 

2044 

3799 

2045 

2046 

3800 

2047 

2048 

2049 

2050 

2051 

2052 

2053 

2054 

2055 

2056 

2057 

2058 

3802 
2659 

3801 

3803 


3804 

3805 

3806 

3807 


References to 

Rifl[ht 

Ascoii.^ion 

for 

I'^OO, Jan. 0 

Araiuai 

Precessioii 

in 

Rififlxt 
Ascension 
for IS80, 

So. 

of 

Obs 

Used. 

North Polar 
Distance 
for 

i860, Jan. 0. 

Annuid 

Precession 

n.pId 

for 

ISiHO. 

No 

of 

Obs 

SirW. H: 

’ ria.sses 
j and Nos. 

1 Other 

1 Authorities. 

' H. 


h 

in 

S 






1 


19 

4 

14-3 

+ 4*647 

0 

140 5.3 li*6 

—5*68 

' 2 



19 

6 

50-4 

4*160 

I 

1.30 25 44*6 

5*88 

1 



19 

6 

53 8 

6*349 

1 

150 44 16*4 

5*92 

1 



19 

7 

6-3 

5*349 

1 

150 44 . 46*1 

5*93 

1 



19 

7 

7-3 

5*351 

1 

150 46 25*8 

5*94 

' 1 

IV. 14 


19 

7 

14-8 

3*137 

2 

92 57 5*3 

5*89 

' 2 



19 

8 

3-7 

2*968 

1 

85 22 9-6 

5-95 

1 



19 

8 

38-7 

3*449 

1 

106 30 34*4 

6*02 

1 


19 

9 

37'9 

■i-a97 

1 

91 9 48*3 

6*09 

1 



19 

10 

22-9 

5*690 

1 

154 8 23*1 

6*23 

1 


Lac. 1.13 

19 

10 

45‘5 

6*917 


161 45 35*7 

6*21 



M. 56 

19 

11 

7’2 

2*339 

4 

60 3 41*6 

6*18 

6 



19 

11 

17-6 

4*954 

1 

14G 1 45*6 

6*28 

1 

HI. 743 


19 

11 

37-3 

2*931 

1 

83 42 46*5 

6*25 

1 



19 

11 

39*2 

5*2n.3 

3 

150 10 4.3*4 

6-32 

3 



19 

12 

4H.3 

5*896 

2 

155 52 59' 1 

6*43 

2 



19 

13 

2.3*1 

3*102 

1: 

91 21 22*0 

6*40 

1 



19 

14 

30*8 

4*890 

2 

145 13 36*8 

6*54 

2 


.4uw. N. 45 

19 

i.5 

5.V<» 

2*1 98 


52 28 32*1 

6*53 


VHL81 


19 

17 

13*9 

2*.56.5 

3 

68 6 5*0 

6*70 

3 



19 

18 

23*8 

4*094 

1 

129 9 44*8 

G*s4 

1 



19 

19 

6*7 

3*000 

1 

86 44 46*9 

6*87 

1 



19 

20 

47-4 

4*y41 

2 

146 11 39*2 

7*06 

a 

viii. 2 i 


19 

21 

22*5 

2*491 

1 

65 8 23*8 

7*04 

1 

VI. 14 


19 

24 

29*7 

2*628 

3 

70 1 4*0 

7*30 

3 

W. 3s 


19 

24 

53-0 

2*875 

4 

81 3 37*8 

7*34 

4 



19 


18-0 

4*06s 

1 

128 51 32*9 

7'57 

1 



19 

27 

18*9 

4*209 

1 

132 36 18*9 

7'57 

1 



19 

28 

30*3 

6*6.38 

2 

IGO 57 27*8 

7'74 

2 


M. 55= A. 620 19 

31 

7-9 

3*817 

2 

121 15 44*2 

7*86 

' 0 



19 

31 

43*0 

5*109 

0 

148 58 44*5 

7*95 

2 



19 

33 

.58*6 

1*790 

2 

43 44 48*8 

8*04 

, 2 



19 

34 

7*2 

4*bo8 

1 

145 40 17*8 

8*14 

1 

111.744 


19 

35 

0*0 

3*300 


100 38 29*9 

8-17 




19 

35 

6*9 

2*462 

1 ’: 

63 30 55*5 

8*15 

i:: 



19 

35 

l6*0 

3*744 

1 

118 52 41*0 

8*20 

1 

IV. 51 


19 

36 

3*0 

,3*386 

3 

104 28 52*5 

8*25 

3 


Harding 

19 

36 

24*3 

2053 

1 

50 7 59*5 i 

8*25 

1 

VII. 18 


19 

37 

13*6 

2*55.5 

1 

67 1 48*4 

8*32 

■ 1 

, 11.878 


19 

40 

47-3 

1*298 

1 

.34 18 29-2 ' 

8*56 

1 

' IV. 73 


19 

41 

7*5 

1*622 

1 

39 49 41*7 

8*61 

1 

, Mil. 73 


19 

43 

30*0 

2*912 

1 

82 26 25*1 

8*83 

2 

ivn. 9 

19 

45 

4*3 

2*.569 

1 

67 15 45*5 

8*95 

, I 



19 

45 

43*7 

1*072 

1 ; 

30 55 55*2 , 

8*96 

1 

j VIII. 16 


19 46 33*8 

2*408 

1 

60 57 6*5 

9'0o 

, 1 

! MIL 18 


19 46 53-0 

2*832 

1: 

78 40 27*3 ' 

9*09 

1:: 


M. 71 

19 47 

28*8 

*2*674 

3 

71 34 55*1 

9*13 

3 

j VL 16 ? 


19 48 13-9 

2*696 

■ 1; : 

72 28 24*0 ' 

9*20 

. 1:: 

1 VIIL 19 

:19 48 41-7 

2*824 

1 , 

78 15 35*1 , 

9-23 

; 1 

1 ...... 


19 48 57*9 

3*818 

1 : 

122 11 30*6 ' 

9*28 

' 1 



:i9 49 31*7 

2*823 ‘ 

1 ' 

78 12 33*0 

9*30 

1 

i 

,19 49 42-9 

5*672 

1 

155 36 45*6 

9*38 

: 1 

j 11. 202 


19 

50 49-6 

4*355 1 

1 

137 27 28*8 ' 

9*44 

; 1 


|19 51 

22-9 

2*417 ' 

1 , 

61 1 41*1 ' 

9*43 

1 • 


:19 51 

33*2 

4*845 : 

2 ! 

146 28 18*7 ' 

9*51 

i 2 • 




19 51 

47*6 

4*079 

1 ! 

130 35 26*7 j 

9*51 

i 1 , 


119 52 

27-6 

4*760 

1 , 

145 13 47*9 1 

1 QQ Qn 1 A*1 I 

9'57 ' 

: 1 : 

— 

1 



19’4 

+ 4*402 1 

1 ' 

it5b oy 1U*1 j 

■—9*63 1 



Summary Description from a 
Comparison of all the 
ObservatioDs, Kemarks, &e. 


I Total ' 
, No. of ' 
1 times 
iofObs, 
i by h, 
land H, 


vF; pS; iR 

vF; S; Il;p41)M 

vF; S; R; IbM: Isl of 3 

eF; vS; 2i)d of 3 

eF;S;3rdof3 

vF; L; R ; vvlbM; r 

Cl;P;lC 

CI:vL;lC 

Cl: P; 1C; st 10... 11 

pB; S;R;pgbM 

Neb without St (Lac. Auw.40) 
0; B; L; iR; gvmC.M; rrr: 

St 11. ..14. 

vF;L;R;vglbM 

0:F;L:R;vsbMdisc;S*Bt 

cF ; cS; R; IbM; *9s 

eeeF; pS; am S St 

'eS ; stellar 

pB;S;niE;pslbM 

vF (Winnecke, Dec. 1853) 

CUP; 1C.... 

eF; pS; R; vgvlbiV^ 

Cl; Ri:l)et2st9 

eF; vS; R; IbM; 3 vS st nr 
Cl; vL; pRi: vlC; st 10... 

Cl: L; vC; E 0’; st 14. ..18 

cB; S; iR; rrr 

eF; R; vgbM ' 

■eF: vS; * 14 alt 

pB; E;biN; *8 f 

[0; pB; L; R; vRi;|^ 

\ VgbM: st 12... 15. J 

pS; R; \sbM 

Cl; L; pRi; 1C; st 11. ..14 ... 

,pB; pS; prnE; gIbM 

,pF; pL; R; bM; r 

;Ci; vL;pRi;lC;st 10... 15 

leF; pS: R; vlbM: up 

O; B; vS; R 

Cl; vL; vRi; st 11. ..15 

(Harding, 18271. 

Cl;cRi;E;stll...l2 

pB; iF; bM 

0; B;pL; R; ikll M 

Cl: P;1C 

Cl; L; pRi; pC; st 11,..12 .. 

Cl;^L;lC;st7.. 

Cl;P;lC:stll...l2 ......... 

:CU S;P 

Cl: vL; vRi; pmC;st II .. .16 

:'Ci;vS; vC 

CUP; 1C 

vF;S:R;psbM.... 

,C1; S; P ... 

leF; vS: R ; psbM; * 11 np...^ 

ivFi S; vlE;gIbM 

•N b; r ' 

•cF; cL; R; vglbM; 2 st f ...j 

,pB; S; R; vS #np 

■vF;S;Il;bM 1 

pF; S; vlE; psbM ! 


1 

0 ■ 
14 ' 

1 

3"t 

3 • 

3 

1 ■ 
2 
0 

4 
1 
1 

2 ■ 
3 

5 
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SIE J. P. W. HEESCHEL’S CATALOGUE 


Ko. 

of 1 — : 

Cata- j Sir J. H.'s SirW. n.'s j Other 
logue.i Catalogues; Classes !. Authorities. 
‘ ioiJSebuige. I audios ‘ 


[4532 2060 


4533 
4534^ 
4535 
,4536, 
4537 
4538' 
I I 
4539 
,4540 

4541 

4542 

4543 

4544 

4545 

4546 

4547 

4548 

4549 

4550 

4551 

4552 

4553 

4554 

4555 

4556 
,4557, 

4558 

4559 

4560 

4561 

4562 

4563 
4564, 

4565 

4566 

4567 
'4568' 

4569 

4570 
'4571 
4572 

14573 

j4574, 

4575 , 

4576 

4577 ' 

,4578; 

'4579; 

:458o; 

4581 

4582 

4583 
4584; 
4585; 
i4586j 
,4587' 
4588; 
4589, 


3808 

3809 
2063 
2062 
2061 


IIJ. 144 


3810 

3811 

3812 

2065 
2064 

2066 

3813 

3814 

3815 

2067 

3816 

2068 
2069 

3819 

3817 

3818 
3821 

3820 


vn. 59 


;VIIL 86 


2070 

2071 

3822 

^23 

3824 

3825 

2072 


VIIL22 

VUL20 

iv."h 


j Annual 

Right Precession 

Asc-ension m 

for } Eight 
1860, Jan. 0 i Ascension 
j for 1880. 


M. 27 119 53 29-3; +2-588 I 


|19 54 40-9 ; 
|19 55 31-7 I 
|l9 56 8-8; 

il9 56 23-1 1 

7... !l9 56 23-6i 

Aaw. N.46 il9 56 39-0 1 

! ' 

i]9 56 41'0i 

A. 425 |19 57 5-0 1 

119 57 39-9 ; 

;i9 57 46-5 : 

;19 57 49-1 i 
jl9 59 11-2 
:19 59 31-7 i 
,19 59 40-6; 
19 59 57-7' 
:20 0 38 - 3 ; 
[20 2 2 - 9 1 


M. 75 


2. 2630 


1. 2631 


2 4-8: 

2 44-4 I 

3 15-0 I 
3 27-6 j 

3 44-5 ; 

4 2*8 1 

4 40-6 I 

5 58-2 j 

5 59-3 I 

6 m; 

6 37 - 5 ! 


IV. 13 
VIII. 83 


3826 

3827 

2073 

2074 

2075 

2076 

3828 

2077 

2078 

3830 

3831 

3829 

3832 
3834 

2079 

2080 

3833 


IV. 16 i 
111.141 j 


III. 142 
i. 103 


2081 

3835 

3836 
2082 


VIII. 17 


|20 8 5-5, 

120 8 29-7 1 

i20 10 43-4; 

20 10 45-8 

;20 12 23-7 : 

D’ Arrest, 114 ;20 12 26 | 

j20 14 4-0; 

{20 14 52*7 I 

120 15 40-2! 

i20 15 46-1 I 

120 16 7-9 1 

120 16 44-2; 

120 17 43-6 : 

i20 18 5 - 5 ; 
20 18 51-9; 
20 20 50-31 
20 22 0-0 '■ 
20 22 36-0 I 
20 23 2-0 1 
20 25 35 - 6 , 
20 25 52-1 i 
20 26 8-3 ' 

20 26 29-1 j 
20 26 43-0 1 
20 27 19 - 8 : 
|20 27 59 - 4 ; 

{20 28 25-0 ; 


M. 29 


;20 28 35-0 


4-723 ; 

4- 849 i 

1- 354 , 

2- 309 ; 

2- 847 ; 

3- 068 1 

5- 207 ' 

4 - 395 : 

4-849 ! 
3-151 , 

3- 547 ' 

1- 967 ; 

4- 733 i 
4-387 ; 
4-382 : 

2- 258 : 

6- 426 ; 

2-636 

2-179 

4-278 

6-429 

6-428 

4-209 

6-419 

2-509 

2-261 

2-514 

4*584 

2-185 

4-644 

4-206 

4-344 

2- 419 

1 - 746 
2'42 
4-433 
4-143 

3- 468 

2- 547 

2 - 676 

3 - 590 

4- 267 

2- 137 
2-212 
4-274 
4-141 
9-441 

3- 727 
3*752 
3-118 

3- 118 
6-798 
2-935 
2-941 

4- 457 
4-458 

+ 2-646 


Ifo. 

of 

Obs. 

used. 

Jforth Polar 
Distance 
for 

1800, Jan. 0. 

Annual 

Precession 

in 

K.P.D. 

for 

1880. 

No. 

of 

Obs. 

used. 

Summary D^ription from a 
Comparison of all the 
Obseryatioas, Remarks, & 0 | 

Total 
No. of 
times 
of Obs. 
by h. 
and H. 


- / // 

67 39 43-0 

- 9-60 

3 

I!I; vB; vL; BiN; iE (Dumb- 
bell N). 

13t 

2 

144 45 44-5 

9-75 

2 

F;S;TlE;glbM 

2 

! 1 

146 47 1*7 

1 9-81 

1 

lpF;S;R 

1 

, 1 

34 15 9*9 

1 9-77 

' 1 

|Cl; pS; pmC; iR; st 12... I 6 

1 

: 3 

56 50 48*7 

j 9-81 

; 3 

;F ; am M. Way st 

4* 

1 1 

1 79 7 24-4 

i 9-82 

; 1 

(Cl; cL; E; pRi; st 13 

1 

! •” 

j 89 56 49-0 

j 9-85 


F; *10 p P, s 1' 29 '' (Bond, 
! Nov, 1852). 

! ® 

i 

' 1 

151 29 30-7 

j 9-91 

: 1 

lF;pS;gbM 

1 i 

‘ 2 

, 138 46 5-7 

1 9-91 

' 2 

:B; S; cE; gpmbM 

2 

1 1 

(146 47 18-2 

; 9-96 

' 1 

:F; S;IE;glbM 

1 

1 

1 93 57 0-8 

; 9-94 

; 1 

Ul; S; vmC; st 19 

1 i 


1 


112 18 47-5 j 
46 23 49-7 
145 11 4-4 
138 46 26-4 j 
138 41 20-8 ; 

54 37 13-1 : 

161 11 51-8 i 


9*95 

10-01 

10-12 

10-12 

10-14 

10-13 

10-34 


3 10; B; pL; R; vuibMBN; rr ; 10 


!Ci;L:vRi;cC 

■eeF; L; pmE 

jvB; S; II; pgvmbM 
cF; cS; E 90 ®; gbM 
ICl; stL&S; ^ inv ... 
;F;pS;lE;glbM;#9plO+5:: 
' 1st of 4. 


1 

69 

17 

54-5 

10-25 

1 

Cl; 1C; Stic. .,13; ^inv 

1 

! 1 

; 52 

9 34-3 

10-29 

1 

CI;P;1C 


: 1 

136 

34 

21-6 

10-38 

1 

F; vJ? ; R ; vgmbAJ ; * 7 nf .<• 

1 

; 2 

;i6l 

17 

6-5 

10-45 

2 

pB; S; R; eS*.sf; 2ii(i of 4... 

2 

i 2 

, 161 

17 

10-6 

10-48 

2 

vF; vS; R; 3rd of 4 

2 

1 

134 

56 

31-8 

10-44 

1 

vF;pL;R;glbM 

1 

' 2 

: 161 

17 

3-8 

10-54 


F; S; R; r; vij*att; 4tb of 4 

2 

; 1 

; 63 

42 

34-8 

10-54 

1 

CI;P;1C 

1 

. 1 

: 54 

34 

198 

10-54 

i 

Cl; pRi; Jinv 

1 

1 

63 

55 

43-5 

1 0*55 

1 

Cl ; vB ; vL ; Ri ; IC ; st 6, . , 1 1 

2 

: 1 

' 143 

12 

32-8 

10-64 

1 

pF; cL; pniE; glbM 

1 

' 1 

52 

1 

28 8 

10-64 

] 

F; vL; viuE; *att 

1 

1 1 

1 144 

23 

0-5 

10-75 

1 

vF;L;lE 

I 

; 2 

; 135 

13 

51-9 

10-77 

2 

pF;S;R;vgIbM 

2 

! 2 

1 138 

40 

53-1 

10-93 

-> 

pF; S; R; svbM*12 

2 

; 2 

, 59 

51 

33-3 

10-89 

2 

::;®;F;S;vvlE 

7t 

; 1 

; 40 

12 

6-0 

11-00 

1 

Cl;pRi;lC 

1 

[2] 

, 59 47 

42 

11-01 

[2] 

I'l-f-neb; S; st vS 

0 

1 

' 140 

52 

0-6 

11-18 

J 

F; S; R; glbM ; amst 

1 

: 1 

, 134 

5 

51-8 

11-24 

1 

F; cS; R; bM 

1 

3 

, 109 

45 

13-6 

11-28 , 

3 

cL; E; bM*17; *10 att, 

3* 

; 1 

64 

41 

32-2 

' 11-26 1 

1 

Cl; S; vlC;stl0...n | 

1 

! 3 

, 70 

20 

19-3 

^ 11-29 , 

3 

0; B; pS; R; 4S't nr ... 

6t 

: 1 

, 115 

14 

51-2 i 

; 11-36 i 

1 

|cF; cL; vlE; vgIbM; r; 3stp 

3 

: 1 

,137 

28 57*8 

; 11-44 ' 

1 

ipB; pL; gbM; 2stl0 nr 

^ 1 

' 2 

; 49 

40 

14-4 

11-42 j 

2 

|Ci;pB;pS;P;pC;stl0...12 

5 

1 1 

51 

56 

3-6 

; 11-48 ; 

1 

C1;P;1C; stL&S 

I 6 

: 1 

137 

56 

31-9 

' 11-67 i 

1 

vF; *12 attsp 

1 1 

; 1 

1 134 

40 

55-8 

i 11-74 i 

1 

fcF; pS; R; vgvlbM 

1 

, 1 

, 170 

28 

50-4 

1 11-92 , 

: 1 

pB; cS; R; p>mbM ......... 

1 1 

■ 4 

121 

17 38-7 

1 11-81 

1 4 

pF; cS; R; gbM; bet 2 st ,,, 

4 

: 3 

122 

26 56-3 

; 11-99 

3 

icB; L; mE6°-0; pslbM 

1 3 

1 2 

' 92 

29 

44-3 

: 11-99 1 

1 2 

jvF; pL; E 0° or biN; p of 2 

! 5 

' 2 

' 92 30 28-7 

j 12-01 : 

' 2 

;vF;vS;sfof2 

' 2 

' 1 

,164 

6 

50-1 

; 12-13 I 

1 1 

F; S; R; gbM; 5 stp 

1 

! 1 

: 82 

44 

5-5 

1 12-05 

; 1 

vB; L; gmbM; er 

1 

1 3 

83 

3 

41-3 

! 12-09 

3 

0; B; L;R; rrr; st I 6 ,..; *9p 

3* 

1 2 

, 142 

35 

10-9 

1 12-17 ; 

2 

|pB; cL; R; glbM; r 

2 

i 2 

142 

38 

11-7 

1 12-21 I 

2 

;vF;cS;R;slbM; for2 

2 

. 1 

: 68 

13 

54-9 

; -12-17 i 

1:: 

■Cl;vL;P;vlC 

4 
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ICata-i 

ibgue. 


; Catelogues 
ofHebule. 


• ^-’"i Othf'r 
Classes , ^utjionues. 
and A os. , 


! Annual | i 
Eight i Erecession , Xo. | 
Ascension m j of i 
for j Eight 1 Obs. ■ 
IbOt), Jan 0. ; .-Iscendon ! used ; 
; for , 


! Annual , 

North Polar ' Preccosion ! No. i c tn • j- 

Distance i lu | of ' S™mary De.scnpnon from a 

for j N.P.D. 'Ob^ 

18(jD, Jan. 0. | for ‘ u^ed. 


1880. 


1 


Coiniiarison of all the 
ObserTations, Ecma^k^. &c. 


Total 
No. of 
times 
lof Obs. 
I bj^h. 
land H. 


45901 

4591| 

4593| 

4593 : 

4594j 

4593 ; 

;4596. 

1459/ 

|4598; 

I4599 

4600 

4G01 

460-2 

4603 

4604 

4605 

4606 

4607 

4608 

4609 

4610 

4611 
,4612 
U613 

4614 

4615 

4616 

4617 
46l!? 

4619 

4620 

4621 

4622 

4623 

4624 

4625 

4626 
4627' 

4628 

4629 

4630 
463 li 

4632 

4633 

4634 

4635 I 

4636 

4637 

4638 

4639 

4640 
464] 
4642 
4643' 

4644 

4645 

4646 
4647, 

4648 

4649 
{4650 


h. j n i 

2083 , VI. 42 ! 

...... ;vii. 8 , 

3837 ' 

3838 ! 

2084 : IV. 76 ‘ 

3839 i ' 

3840 I ; 

2085 VI! 1. 23 

2086 ill. 219' 

3841 > 

2088 . V. 15 

2087 , II. 425 

‘j2087,« 


I iI-427 
11^21)6 


2089 

3842 

2090 

3843 

3844 

384.) 

3846 

Vin. 82 

3847 

2091 VIII. 76 

2092 14 


2093 

2094 

2096 

209.1 

3848 

3849 

2097 

3850 

2099 

2098 

2100 
2101 

3851 
2102 

3852 

3853 

3854 

3855 
210.3 

3856 

2105 

3857 
2104 

2106 

3858 

2107 


,V1I1. .58 
V. 37' 


* I. 192 
' IV. 1 


11. 203 


vui.’57 ; 

vin. 74 


3859 

2110 

2108 

2109 


III. 209 


V[. 24 


III. 858 



i h 
'20 

28 

36-4 

s 

+ 1-211 

3 

29 

49 56*8 

i 

-12*14 I 


'20 

28 

4 2 ‘5 

2*510 

5 

62 

9 51*9 

12*17 1 


20 

30 

3-7 

4*563 

1 

144 

47 44*4 

12*32 ! 


-.’0 

31 

3-8 

5*831 

1 

159 

14 17*4 

12*42 1 


20 

31 

57‘3 

1*269 

3 

30 

20 17*9 

12*37 i 


20 

33 

30-6 

3*750 

I 

122 

58 55*9 

12*47 1 


20 

33 

4*6 

4*497 

2 

143 

51 23*1 

12*53 : 


.20 

34 

40-7 

2*769 

1 

73 

50 36*0 

1-2*60 


20 37 

14*2 

2*852 

1 

77 

59 34*9 

12*77 , 


20 39 

39-2 

3*882 

1 

128 

30 26*2 

12*96 . 


,20 39 

53*0 

2*478 

3 

59 

47 14*8 

12*94 , 


20 

40 

7-8 

3*074 

2 

90 

11 12*9 

12*97 

R. 3 iiovm 

20 

40 

± 

3*074 


90 

11 + 

12'97 j 


'20 

40 

13*6 

3*074 

2 

90 

12 34*6 

12*98 ! 


20 

42 

1.5*1 

4*243 

1 

139 

17 41*8 

13*14 : 


20 

45 

1G*1 

2*454 

1 

‘58 

23 48*0 

13*30 ' 

M. 72 

20 

45 

44*9 

3*302 

.‘5 

103 

3 3.V8 

13*34 


-20 

47 

8*1 

4*006 

2 

142 

£4 21'2 

13*46 - 


20 

47 

18*9 

4*043 

1 

134 

30 30*2 

13*46 ! 


20 

47 

48*0 

4*353 

3 

142 

24 12*7 

13*51 i 


20 

4b 

20*9 

4*211 

2 

139 

10 13*8 

13-S4 1 


20 

49 

13*4 

2*092 

I 

45 

15 32*5 

1.3*55 


20 

49 

27*4 

4*529 

2 

146 

6 24*7 

13*61 


20 49 

.51*7 

2*024 

1 

43 

15 22*6 

13*58 , 


20 

50 

35*2 

2*478 

2 

58 

50 11*8 

13*64 , 

.\I. 73 

20 

51 

lG-0 

3*-299 


103 

10 31*0 

1.3*70 


20 

51 

19*8 

2*490 

1 

59 

19 15*3 

13*69 


20 

51 

30 9 

2*095 

1 

45 

3 59*3 

13 69 ' 


-20 

51 

33*5 

2*123 

3 

45 

53 24-0 

13*70 


20 

ho 

48*2 

2*142 

0) 

46 

13 4*8 

13*84 ; 


•>0 

53 

54*5 

3*083 

1 

90 

44 34*9 

, 13*87 ' 


20 

53 

57*1 

4-201 

2 

1.89 

35 0*3 

13*89 ; 


20 

54 

13*9 

4*203 

1 

139 

40 27*7 

13*91 i 


20 

54 

43*8 

2*801 

(3) 

: 74 

-21 51*7 

13*91 1 


20 

Jo 

23*1 

4*345 

3 

143 

6 3*6 

13*98 : 


20 

06 

17*5 

1*749 

1 

35 

59 39*6 

13*98 1 

Lai, 40765 

20 

56 

31*2 

3*273 

4 

101 

55 4*8 

14*04 ' 


-20 

57 

5*8 

3*291 

1 

103 

3 8*9 

14*07 ' 


20 

57 

8*1 

2*05 -1 

1 

43 

13 48*5 

, 14*05 : 


20 

57 

2M 

4*0.13 

2 

135 

22 12*0 

■ 14*10 : 


20 

i)4 

38*9 

2*535 

0 

60 

39 30*3 

14*09 


20 

58 

18-4 

4-Hl 

1 

137 

44 44-2 

14*16 


20 

59 

22-9 

0*771 

1 

22 

26 51*2 

14*16 


20 

59 

3h*5 

5*136 

1 

154 

35 45*2 

14*26 , 


20 59 

39*2 

5*000 

1 1 

154 

5 34*2 

14*26 


20 59 

45*4 

4*185 

1 

139 

52 10*5 

' 14*25 


21 

0 

46-3 

2*255 

2 

49 

3 58*9 

14*27 : 


21 

3 

7*3' 

4*173 

1 

139 

51 26*0 

14*40 , 


21 

3 

45*7 , 

1*948 

(1) 

' 39 

43 13-3 

14*39 


'21 

3 

47*1 

5*457 

1 

158 

51 57*9 

14*47 : 


21 

3 

36*5 

2*825 , 

1 

: 75 

7 5*2 

i 14*46 ' 


-21 

5 

.3*4 

2*471 ‘ 

1 

06 

50 48*0 

1 14*60 


:21 

5 

39*3 

4*079 ; 

2 ' 

137 

47 45*7 

14*61 i 


21 

6 

14*3, 

2*150 : 

1 

44 

53 32*7 

U*Gl ; 


;21 

6 

52*3' 

2*86o I 

1 

76 

58 16*2 

14*66 ; 


;2i 

6 

55*9, 

4*114 ; 

2 ; 

138 

56 41*3 

14*69 i 


'21 

7 

45-4; 

2*253 , 

2 1 

48 

4 44*0 

14*70 ! 


i21 

7 

48-6 1 

3*008 ! 

1 : 

86 

3 33*4 

; 14*72 1 


,21 

7 

52*9 ‘ 

+ 3*035 i 

2 ' 

87 

44 17*4 1 

1 -14*72 j : 


3 lCl;pL;eRi;pCM;.stll...l6' 
5 ;Ci; vB; vL; vlls; cC; stpL.. 

1 jpB; pL; II ; pslbM 

1 |pF; L; mE; vplbMvSilf 1 

3 Iv'F; vL; vg, vsbM; rr 

1 ;vF;L;R;gb.\I 

2 vF; p.S; cE; IbM 

1 ;Ci;P;vlC 

i ;vF; S; stellar; I att ......... 

1 'B; cS; E: pgmbl\I; 4 »t p ... 

2 I!; pB; cL; eiF; Cygni inv 

2 cF:S;K;bM 


12-97 i ... iGroup of 5 with many st ... 0 


2 F;vS;R;bM 

1 'pB;S;lE;gb.\I 

1 .F:S;iE:r 

3 0;pB;pL; R;gmC.M;rrr.. 

2 'vF; !>; E; pof2 

1 .eF:cS;Il ; 

3 F; pL; \!E; vgbM; f of 2 ...! 

2 pF; S ; vlE ; gpmbM ; vB * p 

1 €1:01! St p8 ; 

2 eeF; vS; vmEO'; #13 att, u ; 

1 C!;L;P:vlC ' 

1 II : fcF ; eL ; eE ; eiF ; bifurcate, 

... Cl??; eP; vie ; 110 neb 

1 F ; eL ; neb A st 

1 C1;P;1C 

3 Cl;P;lC:qL 

1 :: F; ecL; (iitf nebulosiiv ' 

1 eF; S;E0= 

2 eF:c8:;U:b.M 

1 eF; R;lbM; #llf ■ 

1 B;pL;R;gbM 

3 .pB; S; R; p.>bM; am s£ i 

2 cB; L; E 45' A; r; 7 

4 III] O; 'F; S; elli]itic ' 

1 eF;pL;H;r ' 

1 Cluster; no dejeriptiun 

2 F; pL; E; tgvibM; * p ; 

2 [iB; cS; R; i»->bIM; }>B#np...' 
1 pF; S; K; b.M; 2.-^tl-2u ...■ 

1 eF; # 7in in neb (?) 

1 pB;c?^]lE;pgbM 

1 pF; cS; R; psb.M; #7‘8 p ... 

1 ceF; S; R; 13 J* sf ' 

2 'Ci; P; 1C; stlO , 

1 B; cS; R; ])giiibM 

1 Ci of triple St ; iC 

] vF; cS; K; gibDI 

1 Ci;!C r .....! 

1 Cl; pRi; iF; stlI...15 

2 pB; pL; IF; gbM I 

1 Cl : tL; pRi; E; st 10 

1 vF:8;R ; 

,B: cS; cE; psinbiil; #10f ... 
L!;vF;pL;vRi;\C;stl5...18 
;eF : 

2 jeF;pL;R;lbM 1 


! 

3 j 

14*' 

2 

3 

3 
1 

1 

4 

3 

5t 

23*t‘ 

•I 

4 ! 

1 

I ; 

1 i 
1 i 

1 i 

■i 

'I 

1 

2 I 

1 i 

1 i 

2 ; 

4 I 

1 j 

3 


MDCCCLXIT. 
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SIE J. F. W. HEBSCHEL’S CATALOGUE 


inferences to 

Ho. ' 

of r~";rT" 

Cata- Sir J. H.'s 'Sir W. H 
l<^ue. Catalogues Classes | 

^of HebulK . and Hos. ! 


3860 i 1 

3111 i : 

3113 III. 145 I 

3113 1 : 

2114 j ! 

3861 : ; 

2115 ; 

3862 1 

3863 : ! 

3864 ■ ■ 

2116 :vn. 51 i 


' ' Annual 

^ ' E%lit , Precession 

' Ascension in 

AH 

. I IStKC Jan, 0. ■ Ascension 

Authorities. : rnrlhSl) 


2117 

3865 ' ! 

2118 VIL 50 


■4669 III. 936 ' 

4670, 2120 I 

4671' 3869 ' ^ 

4672 2121 111.859' 

4673 2122 VIL 52 

4674 3870 : 

4675 2123 , 

4676 2124 VI. 32 

4677 3871 

4678 2125 I 

'4679 3872 i 

|4680 3873 ; 

:4681 2126 

4682 2127 ' 

'4683 3875 ; 

14684 3874 

!4685 3877 ' 

14686 3876 ' 


M. 15 = 1 
Lai. 40815 / 


M. 3 = j 
Lai. 41938 / 


r bSsj: , 

',4688 3879 

{4689 3880 : 

4690 3881 

*4691 3882 

j4692 3883 

4693 3884 : 

4694 3885 

4695 i 

' ! 

4696 .3886 1 

4697 3888 ; 

4698 3887 

{4699 3889 ' 

{4700 2129 ! 

I47OI 2130 ;Vn. 40 

|4702 2131 ■ IV. 75 

4703 3890 ' 

14704. 3891 i 

{4705 2132 ’ IT. 261 


1 ' Annual ! _ | 

No. North Polar ! Precession ' No. j gutnmarj’ Description from a 1 

of ; Distan(,.e { in 1 of ! Comparison of iJl the 

Obs. . for 1 N.P.I). j til’s ' ObserTaUons, Eemar^ &c. 1 k.. n ' 

usedi 1800. Jan. 0. l for |usc-di 1 OJlL 

, j 'and M. 


2 ;vB; pS; E; rabM i 

1 iCi; no de.scription { 

1 F;S;vlE;r l 1 

1 iiF; K:gbM; Snr : 

1 ;Ci;F;pS;P : 

1 !cF; vS; R; p of 2 

1 :ri;P;lC 

1 .B; pL; 1 C; gpmbM 

1 ;vF; pS; R; fof 2 ' 

1 cpF; vS; R 

3 Cl; pS; pRi; pC; st 13 

1 Ci;P;stl 0 ... ^ 

1 t'F; iL; vmE 90 "‘ 8 ; ■ 

1 Cl; P;? neb 

' 2 F;cL;lE;gvlbM;pof 3 ... 

1 Ci;.S;C;cE 

2 F; 8 ; U; vglbVI; fof 2 

2 cF; C.S; R; pgbM 

1 vB; 

' fl; 0 ; 'B; vL; iU;\ ^ 
' ~ I vMubM; rrr; stvS. j 

1 B: R ; 08 ; psbM 

1 F; S; R ; inbVl ; ifcHs 

1 Cl;L;c'U.;lC;stl 0 ...] 3 ... 

2 pF; cL; v!L; vgpiubM; r ... 

1 Cl; 1 C 

■ 2 Ci; cL; vRi; pC; st IL..I 6 

, 2 cF; S;R;gbM ; 

[!!; 0 *; 15 ; vL; g. pinbM;l 

I rrr;stcS. / 

1 i)B;pL;vmE 127 '''l;c.p-ihM 
, J::;F;pL;vgbM;^ 6 { 40 ^ ' 

1 ( 1 ; vL; \P; vlC; .st 7 ... 10 ... 

1 Cl;P;tC , 

1 F; pL; R; vdbM; * 13 iuv.... 

1 vF; . 8 ; R ; vS * of 

2 B; S; vlE; mb.Vl 1 

1 pF; R; g, psrnbM; ainst ...j 


21 32 59-7 

21 33 22*2 
31 33 31-6 

21 33 48-4 

21 36 32-5 

21 36 57-1 ' 

21 37 10 - 8 ' 

Auw. N. 47 31 38 22 - 8 , 


1 , 7 « 27 32*3 

1 134 40 55-1 

1 88 7 33-2 ' 

1 43 31 7-5 

2 154 31 11-7 

1 73 11 28-0 

2 ' 39 1 55*7 

2 131 26 32*5 

2 91 26 37'2 

1 145 10 46'0 

127 24 5-7 

1 42 10 . 5 S *0 

1 44 37 6-0 

2 133 10 21-6 

1 154 32 2'4 

2 133 10 19-5 

1 165 44 25-1 


1 143 30 29-8 

1 1,35 25 37-2 

1 125 4 56*2 

1 124 48 14-9 ' 

3 139 3 59*4 

2 ' 138 59 48-8 . 

1 137 9 38-5 ; 

... 99 28 19-2 I 


. . '21 .38 39-8 

5*278 

1 ilGO 58 43-5 

16-45 

,31 38 45-1 

4-022 

3 ■ 141 12 49-8 

l6‘44 

;21 38 56*2 

4-466 

1 151 21 18-5 

16-45 

21 38 58-8 

4-460 

1 151 15 13-5 

16*45 

21 39 8-8 

2-013 

1 1 36 1 23*4 

16-42 

21 39 21-8 

2-049 

1 j 36 56 49-1 

16-43 

21 .39 45-0 

i 1-387 

2 1 24 32 15-8 

l6’44 

'21 39 51-6 

1 3-605 

1 ;i25 5 43-6 

16-48 

.. ■21 41 22-0 

' 3-609 

2 ‘ 125 31 43-2 

j 16-.56 

. . ’21 41 44 2 

' 2-773 

2 ■ 68 29 7-2 ' 

1 16-56 

121 42 15-3 

i 1 

i +1-576 

i 4 : 26 49 29-9 

! —16-57 


1 ; B; L; IE; gpmbM;' 

; stl2...l6. I 

icF; cS; IE; vglbM I 

vF; cL; R; vglbM ' 

cF ; vH; am st | 

F; 8 ; R; bM 

iF; 8 ; R; glbU; pol ^2 ; 

F; S; R; glbM; fof 2 : 

|F’;S;R;gbM 

. .Nebulous tlO‘11 or vSCl, 
I (Cooper). j 

!pB; 8 ; R; vgbM; ^9 f | 

))B; L; pmE; vgbM 

;cF;pL;H;pof 2 

'pB;p 8 ;lE;gbM;fof 2 ... 

!CI;S;P;IC 

Cl; S; pRi; has a ruby * ... 

! !!;cF;pL;gbM *# 

ipB; 8 ;R;glbM 

! 'pB; oL; R;TgbM; *l4attp 

: !F;pS; R; vglbM; r 

1 :vF;c 8 ;R;r 
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No. 

1 References to 

of ‘ i 1 

Cata- Sir J. H ’s iSir W. H.’s 
logue. Catalogues 1 Classes 1 
of Nebula;.' and Nos. 

! 

Other 1 

Authorities. 1 

! 

4707 

4708 

h. 1 H. 

3892 1 

3893 : i 



Annual ! 

1 

Pree^on No. 

in 

of 

Eight 

ObB. 

Ascension 
for 1880. 

used. 


2134 iVII. 66 ; 
2133 ; 


' IL 207 
i n. 897 s ... 


'21 42 28-6 
21 42 .30-4' 
21 42 34*2' 
21 42 41-2! 
'21 43 34-1 
21 44 13-2 
21 45 12'5 


1 147 12 6-1 ^ - 

1 : 146 13 34-1 ' 

1 24 50 39-6 1 

1 60 41 28-0 ; 

2 ■ 138 54 28*9 I 

1 '138 32 26-0 ; 

... 40 53 46-4 


4714 

3897 




21 

45 

50-0 ; 

3-493 

1 

119 

56 

36-9 1 

16*77 

4715 

3898 




,21 

46 

30*0 

3-486 

1 

119 

41 

30*0 ; 

16-80 . 

4716' 

3900 




'21 

46 

58*7' 

3-588 

2 

125 

28 

21*1 

16-83 

4717 

3899 




21 

46 

59*2 ■ 

3-940 

2 

140 

10 

49*8 

16-84 

4718' 

2135 

II 

452 


.21 

47 

29*0 

8042 

3 

87 

42 

49*8 

16-84 

4719, 

2136 

ivi 

67 


21 

49 

48*4 

1-722 

1 

28 

3 

3*1 ; 

16-93 

4720 


j 


D’ Arrest, 115 

21 

49 

53 

3-04 

; 2': 

87 

42 

42 . 

16-95 

4721; 

3901 

1 



21 

50 

58*1 , 

3-752 

1 

133 

58 

28*4 • 

17*02 

4722 

3902 




■21 

51 

10*5 

3-521 

3 

122 

33 

8*4 

17*02 

f4723 

2137 

' II 

930 


21 

51 

49*3 

3-289 

1 

107 

10 

39*5 

17*05 

;4724 

3903 

; 



21 

51 

53*6 

3-750 

1 

134 

3 

32-2 

17*06 

>4725 

3905 




21 

52 

37*2 ' 

3-401 

1 

115 

18 

18*3 

17*09 

14726' 

3904 




21 

52 

54*3 

3-975 

3 

142 

25 

3-4 

17*12 

14727 

3906 




21 

53 

6*8, 

3-852 

1 

138 

21 

46*4 

17*12 

'4728' 

2138 

:ii 

692 


21 

53 

29*4 

3-243 

1 

103 

57 

3*1 

17*13 

A729 

3908 




21 

53 

52*3 

3-513 

4 

122 

32 

38*0 

17*15 

4730 

3909 




21 

53 

53*1 ’ 

3-514 

4 

122 

38 

8-5 

17*15 

4731 

3910 




21 

53 

5.5-3 

3-515 

2 

122 

39 

58-5 

17*15 

4732 

2141 



1 

21 

53 

55-9 

2-106 . 

1 

35 

50 

5M 

17*13 

4733 

3911 




21 

53 

59-0 

3-514 

6 

122 

39 

31*5 

17*15 

A734 

2139 


247 


21 

51 

0-1 

2-858 

1 

72 

56 

7*5 

17*15 

■4735 

3912 




21 

54 

6-3 

3*582 

1 

126 

28 

45-2 

17*16 

;4736 

3907 




21 

54 

21-4 

4*525 

3 

154 

43 

13-6 

17*18 

■4737 

2140 

11 

693 


21 

54 

26-8 

3*339 

1 

111 

13 

26-9 

17*17 

4738 

2142 


595 


21 

54 

38-9 

3-316 , 

1 

109 

35 

22-6 , 

17*18 

4739 

2143 


1 


21 

54 

51-2 

3-341 

1 

111 

28 

50-3 , 

17*19 

4740 

2144 




21 

55 

8*7 

3-337 

1 

111 

8 

59*7 . 

17*21 

;474]’ 


II 

165 


21 

55 

13-6 

2-599 

i 1 

55 

33 

55-0 

17*20 

'4742' 

3913 



‘ 

21 

56 

20-4 

4*543 

1 

155 

19 

8-9 , 

17*27 

4743 

3914 




21 

56 

24-7 

4*521 

2 

154 

59 

23-6 

17*28 

14744 

2145 




21 

56 

42-8 

2-949 

1 

79 

51 

21*9 ' 

17*27 

}4745, 

3915 




21 

56 

50-6 

3-900 

3 

140 

47 

57*3 

17*29 

{4746' 

2146 


599 


21 

57 

7*6 

2-493 

1 

49 

37 

29*6 

17*28 

4747 

3916 




21 

58 

4-3 

4-529 

' 0 

155 

22 

59’5 

17*35 

147481 

3917 




21 

58 

7*9 

3*889 

1 

140 

40 

49*5 

1 7*35 

:4749' 

391 8 




'21 

58 

27*0 

3*488 

3 

121 

55 

30*5 

17*35 


21 58 39'2 
21 58 40*2 
21 58 47'S 
21 58 53-7 
21 59 24-6 

21 59 42-2 
:21 59 57-7 

22 0 29-0 

'22 1 8-3 

.22 1 30-8 
'22 1 37-4 
'22 2 34-9 
',22 2 47-3 
;22 3 13*8 
:22 4 16-2 
i22 5 13-4 • 
I22 6 4-9 


1 121 51 19-2 

3 1 21 49 42*2 

1 121 43 31*9 

1 148 6 29*6 

1 119 43 57*3 

2 44 11 36*3 

1 63 34 17-7 

1 137 50 3()*5 

1 118 29 42-9 

1 159 20 46*7 

1 59 20 35*6 

1 107 19 55*1 

2 155 32 6*2 

4 121 14 22*2 

1 49 40 48-3 

1 116 50 37*8 

4 120 4 3*9 


Summary Description from a 
Comparison of all the 
Observations, Remarks, &c. 


:pF;cS;ll;bM i 1 

F; L; R; p, psrtibM ; 1 

Cl; cL; cRi; pC; stll...l4 : 3 

vF; ? a I inv in neb 1 

vB;pS;R;mbMN S 

B;S; R; in AofstlS ' 1 

See No. 5077* 

vF;pL;IE; vgbM;r ' 

eeF; \S : 

eF; S; E towards eFf 

B;pL;iR;gibM;r ! 

pB; S;lE;mbM 

F:pL;R;bM;r 

Ci; P; vie 

J Ci; vS; st 19 m; btt2st 16... 

cF; cL; cE; glbM 

F;pL; \1E; vglbM 

eF 

cB; S; v!E;svbMN 

F; pS; R; vglbM; *10f ... 

pR; S; R; psbM 

eF; S; R ; ^if8 np 

' vF;cI.; £135"+; vgbM 
pB; pL; IE; gbM; lstof4...; 

: cB;cS;R;siiM#^;2ndof4^ 

' cF; S; 11 ; p of D neb; 3rdof4 

C!;vL; pRi;lC 

' B;pL;R;fofDiieb;4thof4 
1 pB; pS; R; bMN; r; ^^sp... 

. eF; S; R; i).8 32’ ' 

1 cF;pS;vgbM 

I vF;S;R;lbM;pof2 

' vF; pS: t IE 90 ^; ibM 

i pB: pL; mEG4''3 liet 3 st ; er 
1 sF;pL;iR;vglbM;fof2... 

I vF;am5or6st 

1 vF;S;lE; vobM ....' 

2 pB;S:R;pmbM ' 

1 Cl, IRi; 1C; Si 9. ..10 

1 cB;S;ll;amst 

1 F: cS; cE; vglbM; er 

2 rF;S;R;pslb.M;*llp3'..., 

1 pF:S;R:smbM 

3 F: R; gb.M; lstof4 

1 eF; S; stellar; 2uu of 4 

3 t-F; H ; 'ttliar; 3rd of 4 

1 pB:L;IE;gbM;4thof4... 

1 pB;L;fE;gpslb^] 

1 \F; vS; R : almo.'t a .0 ‘ 

2 Cl.L:eR::pC.s:9,..]2 ... 

1 eF:R;bM;rF 7nj' 

1 vB:pS.R;abM 


1 pF; R:dAI . 
1 B:|)L;sl'M,cr . 

1 piOiE.r 

2 pB; S. R. 2sfi.r. 
4 F.S;R;gbM;r; 


. S:!E;b.M ... 
pL: R.: vdb-M 
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No. 


Eeferences to . 

Bigbt 

Annual 

Preoession 

No. 

North Polar 

Annual , | 

Prewssion ! No. j Description from a 

Total 
No. of 

Cata- 

logue 

Sir J. H.’8 
Catalogues 
of Nebula?. 

SirW. H.’s 
Claw‘?es 
and Nos. 

Other i 

irnum-o. 

i 

Eight 
Ascension 
for 1880. 

Obs. 

used. 

for 

1800, Jan. 0. 

! Comparison of all the 

N.l .D. Ob.- Observations, Eemorks, &e. 

for usetl.i 

188t). j 

of Obs. 
bvh. 
and H. 


b. 

H. 

1 h in s 

s 





4767 

2152 

III. 931 

,22 6 37*7 

+3*272 

1 

107 45 40*3 ' 

-17-69'' 1 vF;S;R;bM 

2 

4768 

2153 

II. 606 

i22 6 43*4 

2*447 

1 

45 20 52*3 ; 

17*69 ' 1 eF;S;ei- 

4 

4769 

3931 


|22 6 57'4 

3*731 

1 

136 32 31*7 i 

17*71 1 ,pB; S; pmE; psbM; pof'2... 

1 

4770 

3932 


22 7 7*9 

3-730 

1 

136 32 16*4 1 

17*72 1 F: vS; K; ^ie8f;fot'2 

1 

4771 


VI IT. 63 


o.]oy 

1 

13 4’ .56-(I ' 

17*70 1 C1;S;P;1C 

1 

4772 

2154 


'22 7 34*6 

2*119 


33 25 12*4 ' 

17*72 2 Cl: pC; has a rubv *10 

2 

477.1 

2155 

viii. 75 

?-•> 9 41 •! 

2*.358 

] 

40 48 55*7 : 

17*81 1 Cl; L; P; IC; stvL 

3 

4774 

2157 

VI. 29 

'-^>->10 2*5 

2*236 

1 

36 22 2*4 ' 

17*82 1 Cl;C:steS.’ 

2 

4775 

2156 

III. 932 

22 10 8*7 

3*249 

1 

loG 16 47*8 : 

17*84 1 vF; S; vlE; vgbM; *13ri 

2* ! 

4776 


III. 863 

I22 11 0*4 

2*563 

1 

50 10 13*2 

17*86 1 vF'; v8; nibM 

1 ! 

4777 

3933 


I22 11 26*0 

3*957 

1 

145 48 53-0 1 

17*90 1 eeF:R;(?) 

1 i 

4778 


III. 864 

i22 12 28*8 

2*569 

1 

50 8 9-4 : 

17*92 1 vF; 8; iiiE, lG5'+ 

1 i 

4779 

2158 

III. 933 

'22 12 53*8 

.3-247 

2 

106 28 2+5 ' 

17*95 2 F; pS; K ; ppmb.M 

4 

4780 

3934 

III. 458 

22 12 57*6 ■ 

3*.353 

1 

115 22 44*5 ; 

17*95 1 F;S;K;t‘r 

2 , 

4781 

3935 



3-395 

1 

119 3 2.5-8 

18*04 1 vF;S;E;glbM;?biN 

1 1 

4782, 

3936 


i22 15 10*0 

3-40.3 

I 

119 39 16-8 ! 

18*04 1 eF;pL:U;vlbM 

1 

4783 

2159 



I22 15 23*6 

2*153 

1 

.32 36 51*1 

18*03. 1 (:i;L;pRi;!C 

1 1 

4784 

3937 


122 15 26*0 

.3-4.50 

1 

123 3 31*5 ' 

18*05 1 eF; S; R;]bM 

1 

4785 

3938 


22 16 2M 

3*466 

2 

124 24 +6 : 

18*08 1 cT>; pS; vlE; gIbM ; R 7+ sp 


4786^ 

3939 


'22 16 44*2 

.3*429 

3 

121 53 45*0 

18*10 3 F; cS; vlE; p of'2 

4 

4787, 

3940 



22 18 15*5 

3*424 

4 

121 51 23-5 

18-15 3 F; cS; vlE; t Of 2 

4 1 

4788- 

4789 

3941 

3942 


22 18 57*4 

22 19 7*4 

4*079 

3*47» 

1 

2 

150 52 54-3 
125 51 19-3 

18*19 1 ecF; IE; vgvlbM; 3 st sf ... 

18*19 2 vF; i)S; Ii ; v-gvib-M 

1 

4790' 

2160 

II. 248 

'22 19 38*1 

2*916 

2 

74 33 55-0 

18*20 2 F; c-S; K ; gbMS*; 3 st nr... 

4 

4791 

2161 


,22 19 .39*4 

2*198 

1 

32 52 26*.3 

18*19 1 Cl; E; pUi; 1C: stl0...lG... 

1 

4792' 

50781 

3943 

11. 469 

'22 20 50*7 

;22 20 50-1- 

3*336 

2 

115 34 20*5 
115 .34 -4- 

18*25 : 2 cF;t'S;lE;r; 7 

,3 

0 

4793 

2162 


'22 20 52-2 ■ 

2*770 

1 

61 36 48*8 

18*24 1 vF; S; ]’; amst 

1 

4794i 

3944 


•22 21 12‘n 

3*474 

1 

I2G 10 21*2 

l'-^*26 1 vF; S;R ;gbM 

1 

4795-' 



Auw. N. 48 j22 22 5*6 

3-285 


111 32 59*8 

18*29 ... j)F; vL; EorbiN+Harding) 

0 

47961 

2163 


loo 00 01.0 

2*36.5 

1 

37 ,53 26*3 

18*29 ■ 1 Ci- P; 1C; stl2...13 

1 

4797j 


Vil. 41 ' 

loo voo ^j >4 

2*,380 

2 

38 24 45*0 

18*30 2 CI;iK; lC;stvS 

' 2 

4798; 

3945 ! 


loo 00 r,o.i , 

,3*503 1 

1 

128 33 O’] 

18*33 1 '-F; S; li; por2 

' 2 

4799i 

2165, a\ 


E. nova 22 23 13*6 ■ 

3*213 , 


104 40 30-3 

18*34 ;; \ F; E np to sf ('nisi=h,2l64 ) 

0 

4800 

3946 1 


22 23 23-8 

3*501 

1 

128 32 9-8 

18*34 1 oF; S; R; I'ofO '. 

! 2 

480i: 

2164 1 



'00 oh-P, ' 

3*21.3 

2 ' 

104 44 11*8 ' 

18*34 2 vF; cS; tglbM 

' 2 

4802! 

2165 I 

IV. 31 ' 

22 24 5.3*0, 

.3-213 

4 

104 50 ,30-3 

18*.39 4 F;pS; ]{; vOMFSUN 

i' 5 

4803, 

1 


D’Arrest, II6 22 24 57 ‘ 

2*76 

[1]' 

59 45 18 

18*38 ^11 vF; pL; vlb.M; b. 2166 (list 2' 

; 

4804 

2166 ' 


24 .18*6 . 

2*760 


.59 4,5 25-,3 
117 58 4-4 

18*39 ‘'2' vF; .S'; n ; <'vl()M 

2 

4805, 

3948 ' 



3*352 

1 

18*42 1 vF; S; IE; ^llp 

, 1 

4806, 

3947 i 


'22 25 32*6; 

3*541 

1 

1.31 39 5.3-4 

18*42 1 F; pL; prnE 

1 

4807' 

2167 , 

I 11.476 ; 

'2-2 26 .5.0*7 

3*173 

- 

101 4 53-2 

18*46 5 \E; pL; 11; clbM; r 

i 6 

4808 

2168 

I 11.428 ' 

'22 27 3-9 

3-027 

2 

85 9 17*9 

18*47 2 i>F; Ji; R; p-bM; r 

! ^ 

4809' 

2169 

; III. 180 

'22 27 40*9 

2*886 

1:: 

70 23 45*6 

18*48! ];:<+: vS; R; «9s 

' 2 

4810 

3949 


-I-) Os 0**^ 

.3*.331 

> 

116 45 55*0 

18*50 3 (•]+ L; luEO^; vlb.M 

! 3 

4811; 

2170 

III. 237 1 

00 9^ 4f;.o 


] 

69 5 o0*.t 

18*.5,) 1 1'- Ji- ill ; vgvibM 

j Q ! 

4812’ 

3950 


22 29 46*2 

.3*466 


127 57 13*5 

18-.55 2 vF; S; vlE; JibM 


4813 

2171 


!22 30 32-.5 

2*984 

3 

80 1 1 4-6 

18*58 . 4 eF; itS; iE90'; vglbM 

1 4 

4814' 

’ 3951 


;22 30 .37*2 

4*257 

1 

157 12 16-0 

18-60 ! 1 pR; pS; niEgO'’ 

! 1 ! 

4815; 

4816' 

4817' 

! 2172 

1 

1 

■ I. 53 

! 

’ j22 30 .39'5 

1 

j 

2-736 

1 

56 20 5-6 

18*58 3 F>; pL; [):i.'El60-’; smbiM ... 

! 4t : 

1 1 

4818; 

4819: 

4820 

V2172, a 

J 



i 

Ii. 5 nova? ,22 30 + 

i ■ 

2-736 


, 56 20 + : 

18*58 ' ... '5 near; positions measured; 
' ! no distances. 

, 1 

! 0^1 

j j 

4821! 

4822 

=1-3 

1 3950 

i n.233 
!(No.2?) 

;22 30 44*0 1 

•on ‘ifj !^n.5 ' 

2*857 

1 

, 66 55 34-6 1 
‘ 19*7 48*4 ^ 

18*58 2 'cB; S; mEl63“*0; 

: vsmb?vl#ll ; p 012. 

IR-b-"* ] CP''? 

5 

1 ? 

4823 

2174 

III. 166 

i22 .30 54*0 ' 

t *V^DO 

: 2*736 

1 

1 

' kZi Do ^0 “ 

1 56 17 51*3 i 

18*59 1 IpF; vS; E 


4824 

S.75 

11.2.34 

I22 31 .5-7 

i 1 

+ 2*858 

2 

I 66 55 58-3 1 

! i 

— 18*59 i 2 |F; pS;.uiE90°+; vglbM; 
i 1 i fof2. 

i 5 
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Cata-jSirJ. H.’s 'Sir W. H.’*; 
Iogue.| CatalogURs Classes ; 


4835' 3176 
4836J 2177 


4827! 2178 
4828; 3952 
4829 3953 

4830; 3954 
4831; 2179. 
4832i 3955 

4833' 2180 

4834; 2181 


4837' I 

;4838' ;>2181>f/ 

|4839 

; 4840 ‘ 

i4841 

|4842 2182 VIII. 77 
(4843 3956 


14845 2183 111.216 

'4S46’ 21 s4 III. 21 7 ; 

;4847 n 

,4848 2184, tf ■ 

;4849 218.5 11.443 

'4830 2186 11.702 

;48.')1! 218" 11.453 

|4852' 2188 

j4853' 2189 

14854,-] : 

48a5 >2189,0 

l48.)6J 

|4857' 3957 ' 

j4858' 3958 '■ 

'4859; 3959 

i4860j 3960 ‘ 

■4861, 39G1 

i4862' 3962 ‘ 

4863 3963 ; ..!!!. 
4864: 2190 IVII. 43 

4865 3964 

^^66! 2191 ; III. 745 
48b7| 396.') i 
4868^ 2192 ilILSjG' 
4869, 2193 ; 

|487a| 2194 i nL 465 ' 
:487ll 2195 i III. 243 i 

; 

‘4874; 2196 ; ■ 

14875; i :r 

4876: 2197 11.450 i 

4877, 2198 IJ.451 ' 

4878; ■ ■ 

4879j 2199 11.251 ' 

4880 11.249 i 

4881 3966 .... j 


Bight 

Ascemion 

for 

I860, Jan. 0. 

Annual | 
Precession I Ko. 
in j of 

Eight 1 Obs. 
Ascension . used, 
for 1880. 1 

North Polar 
Distance 
for 

1800, Jan. 0. 

Annual 

Precession 

in 

K.P D. 
for 
1880. 

1 

No. ! 
of ; 
Obs. 
used 

h 

00 

m 

33 

57-9 

+ 2*982 i 1 

79 42 40*2 

—18*66 

1 

22 

34 

15*4 

2*333 ! 1 

33 

20 

2*3 

18-69 

1 

22 

35 

6*6 

2-218 i 1 

29 

27 

5*4 

18*72 

1 


35 

26-3 

3-451 ' 1 

128 

36 

27*8 

18*74 

1 

22 

36 

9-6 

4*117 1 1 

155 

51 

19-9 

18*77 

1 

22 

.36 

30-8 

3*351 1 1 

120 

47 

3-9 

18*77 

1 

22 

37 

14-0 

3*079 2 

90 

53 

42*0 

18*80 

2 

00 

37 

30'5 

3*475 1 1 

130 

4 

35*7 

18*81 

1 

22 

38 

40-4 

.3-166 ' 4 

101 

44 

29*8 

18*84 

5 


40 

12-8 

3*262 , 3 

113 

2 

10*3 

18*89 

3 

22 

40 


3-262 : ... 

113 

s 


18-89 


22 

41 

23’2 

2*374 2 

32 39 

8*7 

18*91 


a 

42 

23-0 

3*40b ' 1 

127 

34 

56*5 

18-95 

1 

22 

42 

30 

2-99 [2]:: 

79 

10 

30 

18*94 

[2] 

22 

42 

56-0 

2-988 1 1 

79 

7 

46-2 

18*96 

2 

22 

4.3 

2*5 

2*987 1 

79 

2 

36*2 

18*96 

2 

22 

43 

20 

2*99 '[25 

79 

6 

0 

18*97 

[2] 

22 

43 

22-5 

2-99 ; ... 

79 

8 

2*2 

18*96 


22 

43 

25*0 

3*088 . 2 

93 

16 

54*6 

18*98 

2 

22 

44 

15*4 

3*238 ' 3 

111 

21 

1*0 

19-00 

3 

22 

44 

2M 

3*118 : 2 

96 

18 

6*0 

19-00 

2 

22 

44 

36*2 

2-534 ; 1 

38 

33 

54*0 

: 19-00 

1 

22 

4.5 

12*8 

3*069 ; 2 

89 

38 

56*4 

; 19*02 

i " 

22 

45 

± ; 

3-069 ... 

89 

39 

-i. 

19-02 


22 

4.5 

42*2 

, 3*506 ' 1 

136 

5 

36*8 

19-04 

, 1 

22 

46 

23*9 

; 3*420 1 

130 

3 

30*2 

19-06 

, 1 

22 

46 

49*9 

■ 3 930 1 

154 

26 

29*6 

19-08 

2 

22 

47 

2*8 

, 3*421 > 2 

130 

24 

35*6 

19-08 

' 2 

22 

47 

4.5*7 

' 3*456 1 

133 

23 49*0 

19-10 

1 

22 

48 

42-2 

^ 3*940 1 

1 55 

46 

26-1 

19-13 

1 

'22 

48 

42*4 

1 3*383 3 

127 

46 

23*4 

19-12 

3 

22 

48 

46*6 

' 2*356 ' 2 

29 

55 

6*3 

19-09 

, 2 

22 

49 

1-9 

3*385 ; 3 

128 

5 

3M 

19-13 

4 

22 

49 

18*9 

2*466 , 1 

33 

3s 

H*I 

19*13 

I 

'22 

49 21*4 

3-428 ; 2 

131 

49 

4*8 

19-14 

2 

;22 

49 

28*5 

2*784 ’ 1 

54 

22 

38*8 

19-14 

1 

:22 

50 

18*4 

i 2*404 1 

30 

45 

23*2 

. 19-16 

1 

‘22 

51 

3-9 

' 2*986 1 

/ 1 

37 

14*6 

r.(-l8 

1 

'22 

51 

12*3 

; 2-886 ; 1 

i 64 

37 

4*6 

1 19-18 

2 

i22 

51 

± 

i 2-886 : ... 

1 64 

37 

± 

1 19-18 


22 

51 

36*5 

2*543 j 1 

' 36 

23 

55*3 

j 19-19 

i 1 

22 

52 

32 

' 2-97 '[2] 

' 75 

12 

12 

. 19-21 

;[2] 

'<22 

52 

46*6 

•' 3*163 ! 2 

! 103 

33 

10*4 

1 19-22 

; 2 

'‘22 

52 

46*9 

' 3*163 j 2 

: 103 

.34 

46*4 

I 19-22 

i ^ 

r 

53 

6*3 

3-144 i ... 

MOl 

16 41*1 

1 19-23 

j 

1 

122 

53 

8*0 

{ 1 
j 2*968 1 2 

' 74 

46 

10*1 

1 19-23 


I22 

54 

3*1 

j 2*967 2 

' 74 

21 

17-2 

j 19-26 

i - 

jog 

54 

13*6 

+ 3*387 j 1 

jl30 

19 

19-2 

j -19*26 

j 1 


j Total 

Summary Description from a j i 

Comparison of ail the I'gl- I 

Observations, Eemarks, &c. j k,, i, ' 


F;pL;R;lbM 6 


cF; S; KjglbU; *11 np ...' 

cF; S; R; pgbM; f of2 i 

eF; v.S; K; 2stll.s ...' 

Ont* of 5. See 1). 2183, 2184, 

’ D’Arrpst.117,118. ! 

■cF; cS; R; sbM*13; * np 
pB;pS;lEl20'"±;nibM ...' 

vF; pL; IE; vgbM ; r ’ 

,C 1 ; vP ; 

jpF; pS; R; gbil 


‘ A group of 4," incl li. 2189 0 


vF; S; li 

,;jB; pS; R ; vglhM 

.eB:L;vmE43-3;mbM ...; 

'cF: vL; i'7bf I 

.!)B; cS; R; gpmbM I 

cB;vL;viE;vglbM * 

C’i;pRi:cC ' 

cB; L: v!E; gpuibM; rr ; 

vF;pL;iF;er > 

'F; cL; \1E; vgmbM 

vF; rS; U; stellar; * p 


.F: S; R 

F;pS:E90=:gbM;er .... 
[ 2 of a stoop of 3 ; iuv 
\ Fiieb. 


F; vS: v!E; .snib.M; er; pof2 
F; vS: vIE; snibM; er; fof2 
M2 in neb (MarkreeObs,, 
Oct. 8, 1 855). i 

’|)B; L; E173^ VgbM ...... 

F; cS; IE; IbM; pB*p 
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i 

No. 1 


Eeferences to j 

Eight 

Annual 

Precesadon 

No. 

of 

Obs. 

used. 

North Polar 
Distance 
for 

1860, Jan. 0. 

! Annual ; 
Precession , No. 

Summary D^ription from a 
CoTiiparison of all the 
Observations, Eianarka, &e. 

ToM 
No.;rf 
times 
of Obs. 
byh. 
andH. 

Cate- i Sir J.H’s isirW. H.'s 
logue., Catalogues Classes 
lof Nebul®.; aud Nos. 

! 

, 1 ISOO.^Jan 0. 

Authorities. ' 

Eight 
Ascension 
for li^SO 

1 N.RD 

1 for 

1 1880. 

lObs. 

jused. 


h 

^ H. 

! h 

111 s 

s 




! 


eF; vL;vlbM 


4882’ 

3967 


00 

54- 16-6 

+ 3*387 

1 

130 20 

14-9 

: -19*27 

1 1 

1 

4883 

2201 

11.212 

22 54 17-6 

2*861 

1 

60 36 

32*2 

r 19-26 

1 

cB: eL; IE; pnibM; r; 2Sstii 

2 

4884' 

4885, 

2200 

3968 

1 11.590 

<)0 

54 20‘5 
54 55*7 

3*065 

0 

88 69 
131 34 

35*2 

1 19-26 

; 19-28 

f 0 


3 

:02 

3*397 

2 

57*6 

’ 3 

cF ; pS ; vmE 5“ + ; * 1 1 np ... 

2 

4886 

4887' 

4888' 

4889! 

4890' 

4891 

4892 

2202 

2203 

2204 

3969 

111.210 
; III. 211 
III. 230 


54 56-3 

55 5-3 

56 12-2 

2*971 

2-971 

3*020 

1 

74 46 
74 46 
81 52 

22-6 

. 19*28 
i 19*28 
19*31 

■ 1 


2 


1 

59*6 

19*7 

10-7 

43*7 

1 

sF; vS; fol'2 

a 

00 

1 

1 

vF; vS; vsnibM *12 

2 

’ III. 202 

If 

56 1.3*3 
56 22*3 

3*514 

2*969 

3*411 

1 

1 

140 52 

74 8 

; 19-31 

19-31 
’ 19-34 

1 

1 

eF; pL; R; glbM: *11 np... 
<‘F;iS 

1 

1 

3970 

2205 


57 19-6 
57 56*4 

0 

1.33 51 

40-8 


F; S; R: A with 2 St 7 

2 

I. 55 

,00 

2*999 

4 

78 25 

5.3*5 

' 19-35 

4 

pB; cL; niEir'-9; bet2st... 

7*t 

4893 

2206 

r397r 


'22 

58 40*4 

3*055 

1 

87 12 

42*2 

; 19-36 

; 1 

vF; S; E; psbM 

1 

4894 

13972, 

h 

22 59 21-2 

3*330 

4 

127 1 

37'G 

19-38 

: 4 

pB; S; R ; IbM ; *B'9att s... 

4* 

4895 

4896 

4897 

4898 

2207 

2203 



59 23*7 

1 2*4 


I 

56 39 
106 22 

134 10 

4*6 

19-38 

19-42 

19-44 

1 

vF; .8. R, hM; *10p 

1 

Ill, 558 

23 

3*169 

3*379 

2*971 

1 

33*4 

1 

cF:L:bet2Dst 

2 

3973 

2209 

23 

1 56*3 


34*8 


})B; cL: IE; vgbM * 13 

2 

III. 203 

23 

2 5*5 

2 

72 35 

4*6 

19-44 

2 

vF; L; pmE45'; IbM 

3 

4899 

2210 

p2ir 

111.184 

23 

4 29*6 

3*087 

2 

92 54 

44*3 

' 19-48 

2 

cF; iS; K ; blM * 15 

4 

4900 <J 

L3974J 

, a . 

23 

4 33*6 

3*247 

2 

119 17 

53*3 

19-49 

0 

pB; cS: R; psvmbM; *10i)[ 

5 

4901 

4902 

2212 

2213 


23 

4 45-0 

5 26-7 

3*004 

2*536 


77 4Q 34*0 

■ J9-.50 

; 19*51 

J) 

eF; bM*; Cr) 


VII. 44 

23 

1 

30 li 

23*7 

0 

Cl; pill : pC , fan-sh; st pB... 


4903 

4904 

4905 

4906 

4907 

2214 

III. 220 

23 

5 46-8 

3*006 

a 

78 4 
99 57 
134 21 

51*4 

, 19-52 

19-53 

: 19-54 

19-55 

3 

1 

F; e.8; K ; vglbM ; r 

7 

III. 470 

2.3 

6 36*7 

7 0-8 

7 28*8 

3*125 

1 

29'1 

49*8 

44*5 

ebS vS 

1 

3975 

2215 

23 

3*364 

1 1 

1 

pB; .8;1E; pebM 

' 1 ! 

, 11.429 
i 11. 706 

23 

.3*052 



fF;cS;R; bM;spot'2 

: ^ 

23 

7 34*3 

2*537 

2 ; 

29 14 

59*5 

' 19*55 

0 

vF; L; 2 pB st inv 

i 2 1 

4908, 

2217 


23 

7 36*2 

2*945 

1 , 

67 4 

19-5 

: 19*55 

1 

F;8:R;psbM 

! 1 > 

4909 

2216 

11.430 

23 

7 37*8 

3*052 

- ; 

86 13 

35*5 

19-55 

2 

B; L; niE 97 ‘5 {2 e.'tj; 
uibM ; nf of 2, 

! 3 j 

I 

14910 
'4911 
14912 1 
4913 / 

3976 

2218 


23 

7 49*1 

8 5*0 

3*313 

1 ‘ 

129 17 

71 46 

.54*2 

19*56 

0 

F; S; \1F,; vgvlbM ; *10 att . 

i 2 1 


.... 23 

2*975 

2*975 

1 

56*2 

19*56 

19*56 

1 

np of 2 neb 

1 ^ i 

>2218v 

a 

E. 2 Dova^ ‘23 

8 i 


71 47 

+ 


2 of 4 incl h. 2218, 2319 ... 

1 0 t 

, i 

;4914 



D’Arrest, 120 23 

8 17 

2*94 

r ' 

65 29 

18 

19-57 

[2] 

vF; V.8; (d Arrest) *16 p IT 

; 0 1 

;4915 

'4916 

2219 

3977 

III. 181 

->3 

6 17“5 

8 25*2 

2*975 

3*346 

^1' 

71 47 

133 21 

55*9 

2ft*9 

19-57 

19-57 

1 

oF; .S; R ; si of 2 

i 2 i 

±475 ? -23 

1 , 

1 

B; S; I!iE 90-±; VbbM*13... 

: i ! 

:4917 

2224, , 

a 

li. nova 23 

8 27‘0 

.3-041 


84 3 

21-6 

19-57 


Xo description 

1 1 

,4918 

2221 


23 

8 30*3 

8 32*3 

H 44’8 

3*010 

.3*087 

3-007 

1:? 

78 11 

12*9 

' 19-57 

19-57 

■ 19-58 

i 19-58 
' 19-58 

. 19-58 

. 19-.59 

19-60 
19-60 

1 

F;R:bM 

^ ' 

'4919 

14920 

2220 

11. 235 
III. 221 

-2.3 

1 . 

93 9 
77 27 
84 4 
77 34 

4*9 

35*6 

1 

cFtpL; R; R : f 

■ 3 : 

2222 

23 


3 

F;cS;l!:bIVU6:pof2 

i 6 ! 

,4921 

,4922 

4923 

■4924 

2224 

. 11.467 
111. 222 

-2,3 

8 51*2 

8 53*6 

3*041 

,3*008 

3-087 

3*007 

3*099 

2*980 

1 

21-6 

] 

cB; pS; iR; jisbM 

■ 2 : 

2223 

2.3 


16*6 

4 

eFscS; R;s]oM*l6 

! g* j 

III. 185 

2.3 

9 8*7 

9 4.3*0 

10 14*0 
10 14*2 

J 

93 6 
77 17 


2 

vF; pS ; E; ei': 3S st inv 

i 2 1 


III. 233 

23 

] : 

25-,3 

, J 

eF;eS 

I 1 

4925 

4926 


11.4,54 

«.3 

] ^ 

95 30 
72 4 

2.’r0 

1 

F;S;smbM 

1 

2225 

III. 182 

'23 

1 ' 

20*0 

■ 1 

vF;amvSst 

i 3 

4927 3978 

^22261 


A. 476 ? 23 10 .39-7 

3*330 

1 : 

I 

132 52 

58*7 

19-61 

1 

pB; L; pniE; gbM 

i ^ 

4928 2 = 

L3979 j 

>' n.236 

23 

10 47*0 

3-098 ' 


93 24 

42*7 

' 19-61 

: " 

pB;p?;iR;gbM 

i 6 

4929 

4930 

4931 

3930 

: HI. 186 : 

A. 477. 1 ;?3^ 

11 9*4 

3-329 

1 I 
1 : 

132 .19 

53-4 

19-62 

1 9-62 

, 1 
: 1 

),B; pL: pmE; gbM; p of 2.. 

(+■'■ vS 

‘ 1 
: I 

3931 

A. 477, 2 2.3 

11 36*8 

3*326 

1 ' 

1.33 1 

8*1 

' 19-63 

. I 

1'; pL; pniE; gbM ; f of 2 ... 

' 1 

4932 

"2223' 

: II. 4.31 ' 

23 

11 38*9 

3*112 

1 i 

98 19 

42*1 

; 19-6.3 


cF; S; R; p.-pmbM 

4 

4933 

>i 1. 104 ' 

123 

11 49*7 

+ 3*116 ■ 


99 15 

31-1 

: -19-63 

! 2 :nF;cL;|'KiE0-+ 

3* 


3982 
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i ITo. 
of 

jCata-j 


SirJ.H.'s'SirW.H.’s! 


i Annual | i 

Right ' Precession 1 No. ; 

Asoensiou 1 in of | 

Eight Obs. 


logue, I Catalogues Classes ; Authorities. ■ Jan.O. , .used 

I j’ofNebuiiE.' and Nos. : ' ' for 1880. 


North Polar 
Distance 
for 

I860; Jan, 0. 


{ Annual | I 
I Precession ; No. ‘ 
i in of ; 
j N.PD. ;Ob?. 

I for . used. 

I 1880. i ' 


Summary Description from a 
Comparison of all the 
Obsenations, Remaris, &e. 


i Total 
:NQ.of 
' times 
;ofObg. 

! by h. 
iand H,j 


I 4934 : 

!4935 

14936 

;4937 

14938 

I 4939 ' 

14940 

14941 


2229 

2230 
3983 

2231 

2232 

2233 


11.439 

111.435 
II, 250 

11.440 ‘ 


D’ Arrest, 121 23 12 30 ; 

23 12 51*0 ’ 
23 13 9-5 
,23 13 21-1 
23 13 25-2 
;23 13 27-2. 
23 13 38-0 ‘ 
■23 14 5-8 


+ 3*04 
3-036 
3-037 
S-.584 
3-036 

2-994 

.3-037 

2-998 


'[2]' 82 42 24 | 

1 82 21 19'5 ■ 

2 82 33 59-5 ; 

■ 1 ,152 53 32-2 ; 

82 21 49-2 ' 

73 32 .34-2 ! 
82 32 58*2 • 

74 12 2.3-9 


2 , 

[4J 


4942 

2231,0 


R, nova 

23 

14 

13-7 

3-036 


82 21 49 ■ 

19*67 :: 

4943 



D’Arrest, 122 

23 

14 

22 

3-04 

[2] 

82 33 6 

19*67 [2] 

4944 

3985 



23 

14 

21-5 

3*314 

2 

133 14 52-6 

19-68 2 

4945 

3986 



23 

14 

30-5 

3*717 

2 

158 25 49-6 

19-68 2 

4946 

2234 

11.441 


23 

14 

36-4 

3-035 

1 

81 52 38-6 

19*68 1 

4947 

2235 

IV. 52 


23 

14 

38-8 

2-616 

1 

29 35 JO-6 

19*68 ' 1 

4948 

3987 



23 

15 

3-6 

3-219 

1 

120 2 41-3 

19*69 1 

4949 

3984 



23 

15 

6-0 

4-986 

1 

172 40 19*0 

19*70 1 

4950 

2236 

II. 600 


23 

15 

23-6 

2*858 

2 

49 54 46-3 

19*69 2 

4951 

3988 



23 

16 

17*5 

3*215 

1 

120 8 51-7 

19-71 1 

4952 


HI. 473 


23 

16 

47*9 

3-002 

1 

74 0 l»-4 

19*72 1 

4933 


111,218 


23 

16 

48-7 

3-032 

1 

80 50 18-4 

19*72 1 

4954 

3989 



23 

17 

17*8 

3-464 

2 

148 33 48-1 

19*73 : 2 

4955 

3990 



23 

17 

37*9 

3-462 

1 

148 39 59-1 

19*73 1 

4956 

2237 



2.1 

17 

51*8 

3-010 

1 

75 29 12-1 

19*73 1 

4957 

2238 


M. 52 

23 

18 

3*2 

2-643 

1 

29 10 20-1 

19*73 1 

4958 

3991 



23 

18 

14*6 

3-674 

1 

158 47 39-8 ' 

19*74 1 

;4959 

3992 



23 

lb 

40*6 

3-452 

1 

148 34 57-5 

19*75 1 

';496o 

3994 



,23 

18 

48*0 

3-266 

1 

129 59 55-5 

19*75 ' 2 

14961 

2239 

111.212 


23 

18 

52*9 

3-016 

1 

76 33 33-.5 

19*75 ' 1 

14962 

2240 



23 

18 

52-9 

2-956 

1 

63 44 7*5 

19*75 ■ 1 

|4963, 

3993 



23 

18 

56*4 

3-590 

1 

1 56 2 49*5 

19*75 ' 1 

14964 

2241 

IV. 18 


■23 

19 

9*9 

2-864 

5 

48 13 57-5 

19-75 5 

[4965 


III. 438 


23 

20 

0-9 

3*112 

1 

100 11 16-2 

19*76 1 

14966 

2242 

HI, 226 


23 

20 

1.5*0 

3-025 

4 

78 18 33-9 ' 

19*77 ' 4 

I4967 

2242, a 


R. nova 

23 

20 

15-0 

3-025 


78 24 33-9 

19*77 .*: 

4968 

2243 



23 

20 

49*8 

3-040 

1 

81 59 10-6 

19*78 1 

4969 

2244 



23 

20 

59*8 

3-041 

1 

81 59 55*6 . 

19*78 ' 1 

4970. 

3995 



23 

21 

2-6 

3-457 

1 

150 29 2-6 

19*78 1 

4971 

2245 

11. 226 


23 

21 

28-0 ■ 

2-985 

2 

68 20 38-3 

17*79 : 2 

'4972 

2246 

HI. 860 


23 

21 

36-7 : 

2-938 

(1)’ 

58 25 6*3 

19*79 1: 

4973' 

2247 

H. 242 


23 

21 

52-1 

3-008 

2 

73 28 4-3 

19*79 2 


D’ Arrest, 123 23 21 55 

23 23 21-9 

23 23 29-0 

D'Arre&t,121 23 23 47 
A. 347 ? 23 24 48-4 

23 25 20-0 
;23 25 20*6 
■2.3 25 33-1 
2,3 25 56-9 
25 23 26 4 




-19*64 i [2] ,F; S; R; Awith2st 19, B ... 9 

19*65: 1 'eF;eS ' 1 

19*65 1 2 cB;pS;R;psbM 3 

19*66 I 1 eF; eS; am 5 St; (?) ' 1 

19*66 I 1 |F; v.S; R; psbM 2 

19*66 i 2 pB; cS; R; smbM 4 

19*66 1 icR; pS; R; psbM 3 

19*67 [4j:cB; pS; bM* (D'Arrest, 0^ 

i Resuitate). 

iEpandf 0 

|vF; vS 0 

;F; S; R;lbM 2 

F; vS;E90";psbM 2 

;F;S;F|att. 2 

vF; *9 inv a 1 excentric 3 

eF;S;K;sbM 1 

vF; pL; E ; vlbM; tftnr 1 

cF; L; mE0^+ ; vlbM; r ... 4f 

vF;S;R;glbM > 1 

eF: cL; Sf St i'; (?) 1 

;eF;pS;lE 1 

dF'; p6; R ; glbM; p of2 ... 2 

eF;S;R:fof2 1 

\ F: pS: R; gbM 2 

Cl;L:Ri;iiiCM:R;st9...13 8 

eF ; V S ; R ; pslbM ; sit 1 0 p 22'- 2 

eF; R 1 

Diteb; 4stp.. 2 


,\eF; S; Rj 

nF; vS; R;pvl)M 

F; vS; psmbM; #10 p 

eF;cL;R: vgvIbM 

C; 'B;pS; R-. blue 

eF ; 8; stellar 

S; K; vsmbM; 


■iit9 ptFvar). 

\F; 8; C's of b.2242 

F; c8; gbM; p of 2 

:vF; S; R;gbM; fof2 

B; 8; IE; vsvmbM*]! 


87 19 4 ' 

86 52 7*7 
41 38 50*7 

87 12 42 ‘ 

144 52 22*1 , 

, 142 28 11*8 
74 55 35-8 ■ 

' 96 22 12-0 I 

93 31 10-5 

. 93 39 12 

• 156 19 38-2 : 

, 93 41 10-2 ' 

146 47 2*9 
74 42 26-9 ' 

, 85 52 26-9 

, 85 49 1-9 

46 27 42-9 i 
17 51 23-9 


19-79 
19'81 
19-81 i 

19 -M ' 

19-83 : 
19*84 i 
19*84 I 

19*85 

19*85 

19*86 
19*86 . 
19*87 ■ 
19*87 ■ 
19*87 ; 
19*87 
19*87 i 
-19*&7 i 


2 

1 ! 

I I 

I6*tl 

0 
1 
1 
1 

F ; pL ; vl E ; IbM ; am 4 st... 3f 

\F; S; R ; IbM ; r 2 

vF;8;iR:r;tf ' 4 

2] pF:#l4pl.3'-7. In 0 

1 eF;cL:R:gbM; ^nr 3 

2 Cl: P;lC:;st7...n 4 

21 vF; v8: ^11 fP, u85'' 0 

r i)F:L;R:vgbM 1 

2 -cB; 8; !E: psbM: #8 f ^ 2 

1 eF; pL; A\vith2stl0 2* 

... :See No. 5079. 

2 eF; pE ; stebnf ^ 

l] ,eF;pL; 3stll&I2f ’ 0 

1 leeF; pL ( eertain) 1 

1 VF: stellar 1 

2 ,B: ('8; F. g.sbM; #8-9 p ...' 2 

1 vl': v8; gbM: nf 1'.. 1 

2 eF; *12 p; spor2 2 

1 ,vF:iifof'2 ■ 1 

2 ,eF; 8: R; *9*10 p, V nr ' 3 

2 ,C1, L; P; lC;st8, 10...15...j 5 
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SIE J. F. W. HEKSCHEL’S CATALOGUE 


Ho. 

of 

Cata- 

logue 

References to 

Eight 

Ascension 

for 

18G0, Jan. 0. 

Annual 

Precession 

in 

Right 
Ascension 
for 1880. 

5o. 

of 

Obs 

used 

! Sorth Polar 

1 Distance 

i for 

' Idtk), Jan. 0. 

j Annual 

1 Precession 
! in 

HPD. 
for 

i 1880. 

No - 

" .* j Siimniary Description from a 
“ Comparison of all the 

^ , Observations, Remarks, 

U8ed.| 

1 Total 

1 Ho, of 
i times 
!of Ohs 
j by h. 
jandH 

Sir J.Il’skr W.H.' 
Catalogues j Classes 
of Hebulse | and Kos. 

“j Other 

i Authorities. 

i 


li. 

! H. 



h m s 

g 



1 



i 

4991 

2256 

1 11.244 


O.t «S 

-f- .3-026 

} 




F- S - R ■ psliM- stellar 


4992 

4000 




23 28 56-7 

3-209 

1 

128 13 2-6 

1 19*88 

1 

,pB; i-; E; vgbM 

t 

4993 

2257 




23 29 2*6 

3-06/ 

1 

, 88 36 51*3 

! 19*89 

1 

;pll; S; R: psbM; *12 sp .. 

1 1 

4994 

2257, «' 

1 R. nova 


23 29 10*6 

3-067 


■ 88 36 51-3 

1 19*89 


No description 

' 0 

4995 

2258 




23 29 20*0 

3-073 

1 

; 90 28 43-3 

1 19*89 

1 

F; pL: IE; shM; *10 s 

1 1 

4996, 

2259 

III. 146 



23 31 28-2 

2-992 

1 

, 63 45 34*7 

1 19*91 

1 

F; 8; IE: bM; am st 

! * 

4997| 

2260 

11.432 



23 31 35-5 

3-092 

3 

97 17 32*7 

i 19*91 

3 

pF; cL; E I2'+ : vgbM 

! 7 

4998 

2261 

I.llO 



23 31 41-7 

3-111 

2 

103 43 56*7 

! 19*91 

2 

f (II.) cB 1 ; cL; E; ginbM 1 4** 

1 r(?v,-,r,) ' 

4QQ9 


III. 189 



OQ UO 01.0 






'Pel' 


5000; 

2262 

, I.lll 


>23 32 38-& 

3-107 


103 4 12-4 

19*92 

0 

pB;pL;iR;mbM 

t 4 

5001 

4001 




33 34 41-4 

3-397 

1 

1.56 45 1-5 

. 19*95 

1 

cF; S; R ; p of 2 

i 1 

5002^ 

4002 



'23 34 49-4 

3-396 

1 

156 44 21-5 

19*95 

1 

,oF; cS; R; f of 2 

' 1 

5003 

2263 

. 11. 208? 



23 35 17*3 

3-006 

1 

64 32 13-5 

19*95 

1 

vF; *14 att 255* 

; 1+ 

5004 


- 11.208 



23 36 45-2 

3-010 

1 

64 38 3-2 

19*96 

1 

cL; R; *10*11 lip 

’ 1^ 

60051 

2264 

: 11.255 


,23 37 8*5 

.3*049 

3 

SO 0 26*2 

19*96 

5 

cB; cS; gmlAl; r; B * f 

7 

5006; 

2265 

i 11.256 



23 37 13-4; 

3*051 

1 

80 50 20-2 

10*96 

3 

pF; 8; R ; *15 .sf 

; 4 

5007' 

4003 

1 



23 37 35-5 1 

3*190 

3 

133 41 27-9 

19*97 

3 

cB, 8; vlE; svmbM*14 

3 

5008 

2266 



23 38 26-1 ! 

2*757 

1 

21 1 30-9 

19*97 

1 

\L; .'urroutuE 

, 1 

5009 

4004 

1 


23 38 29*5 ' 

3*141 

■J, 

120 17 4-6 

■ 19*9« 

■2 

vF; 8: R; gmbM: *12f .. 

2 

5010 

2267 

, nr. 427 



23 .39 27-3: 

3*066 


86 58 39*6 

19*98 

2 

cF;pL;vIE0";lbM;2Bi--ti; 

4 

5011. 

2268 

! IL213 


23 40 2-3 ’ 

3-011 

1 

61 1: 42-3 

19*99 

1 

cF; cL; vlE; vglbM: r 

; 2 

5012 

4005 

1 



>3 40 35-8 , 

3-137 

.j 

121 17 4,5-3 

' 19*99 

2 

B;cL:R:p:iAM 

i 2 

5013 

2269 

1 III. 437 


23 40 50-1 : 

3*064 ■ 

1 

.S3 54 46*3 

; 19*99 

2 

F;8;R:obM;pr 

3 

5014' 

2270 

i . 
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5072, 5073, 5074, 5075, 5077, and 5079 were communicated to me by Professor Boad. Director of the 
Observatory of Harvard College, U.S., too late for insertion in the body of the Catalogue. 


ERRATA. 

In page 7, lines 13, 14, for 5063 read 5079, and for six read 22, 
T 
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II. On the Spectra of some of the Chemical Elements. 

% WiLLiAit Huggins, Esq^.., F.B.AS. Communicated hy Dr. W. A. Miller, Treas. E.S. 


Eeceived Kovember 5, — Bead December 10, 1863. 


1. I HATE been engaged for some time, in association with Professor W. A. Miller, in 
observing the spectra of the fixed stars. For the purpose of accurately determining the 
position of the stellar lines, and their possible coincidence with some of the bright lines 
of the terrestrial elements, I constructed an apparatus in which the spectrum of a star 
can be observed directly with any desired spectrum. To carry out this comparison, we 
found no maps of the spectra of the chemical elements that vrere conveniently available. 
The minutely detailed and most accurate maps and tables of Kirchhoff were confined 
to a portion of the spectrum, and to some only of the elementary bodies ; and in the 
maps of both the first and the second part of his investigations, the elements which are 
described are not all given with equal completeness in different parts of the spectrum. 
But these maps were the less available for our purpose because, since the bright lines 
of the metals are laid down relatively to the dark lines of the solar spectrum, there is 
some uncertainty in determining their position at night, and also in circumstances 
when the solar spectrum cannot be conveniently compared simultaneously with them. 
Moreover, in consequence of the difference in the dispersive power of prisms, and the 
uncertainty of their being placed exactly at the same angle relatively to the incident 
rays, tables of numbers obtained with one instrument are not alone sufficient to deter* 
mine lines from their position with any other instrument. 

It appeared to me that a standard scale of comparison such as was required, and 
which, unlike the solar spectrum, would be ahvays at hand, is to be found in the lines of 
the spectrum of common air. Since in this spectrum about a hundred lines are visible 
in the interval between a and H, they are sufficiently numerous to become the fiducial 
points of a standard scale to which the bright lines of the elements can be referred. 
The air-spectrum has also the great advantage of being visible, together with the spectra 
of the bodies under observation, without any increased complication of apparatus. 

2. The optical part of the apparatus employed in these observations consists of a 
spectroscope of six prisms of heavy glass. The prisms were purchased of Mr. Browning, 
optician, of the Minories, and are similar in size and in quality of glass to those 
furnished by him with the Gassiot spectroscope. They all have a refracting angle 
of 45°. They increase in size from the collimator ; their faces vary from 1 *7 inch by 
1*1 inch to 1*7 inch by 2 inches. 

The six dispersing prisms and one reflecting prism were carefully levelled, and the 
mdccclxiv. tt 
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former adjusted at the position of minimum deviation for the sodium line D. The train 
of prisms was then enclosed in a case of mahogany, marked a in the diagram, having two 
openings, one for the rays from the collimator 5, and the other for their emergence 
after having been refracted by the prisms. These openings are closed with shutters 
when the apparatus is not in use. By this arrangement the prisms have not required 
cleansing from dust, and their adjustments are less liable to derangement. The colli- 



mator h has an achromatic object-glass by Boss of 1*75 inch diameter, and of 10*5 inches 
focal length. The object-glass of the telescope, which is of the same diameter, has a 
focal length of 16*5 inches. The telescope moves along a divided arc of brass, marked 
in the diagram c. The centre of motion of the telescope is nearly under the centre of 
the last face of the last prism. The eyepiece was removed from the telescope, and the 
centre of motion was so adjusted that the image of the illuminated lens of the colli- 
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mator, seen through the train of prisms, remained approximatively concentric with the 
object-glass of the telescope whilst the latter was moved through an extent of arc equal 
to the visible spectrum. All the pencils emerging Jhom the last prism, therefore, with 
the exception of those of the extreme refrangible portion of the spectrum, are received 
nearly centrically on the object-glass of the telescope. The total deviation of the light 
in passing through the train of prisms is, for the ray D, about 198°. The interval from 
A to H corresponds to about 21° 14' of arc upon the brass scale. 

3. The measuring-part of the apparatus consists of an arc of brass, marked c in the 
figure, divided to intervals of 15". The distance traversed by the telescope in passing 
from one to the other of the components of the double sodium line D, is measured by 
five divisions of 15" each. These are read by a vernier. 

Attached to the telescope is a wire micrometer by Dollond. This records 60 parts 
of one revolution of the screw for the interval of the double sodium line. Twelve of 
these divisions of the micrometer, therefore, are equal to one division of the scale upon 
the arc of brass. The micrometer has a cross of strong wires placed at an angle of 45° 
nearly with the lines of the spectrum. The point of intersection of these wires may be 
brought upon the line to be measured by the micrometer screw, or by a screw attached 
to the arm carrying the telescope. For the most part the observations were read off 
frttm the scale, and the micrometer has been only occasionally employed in the verifica- 
tion of the measures of small intervals. The sexagesimal readings of the scale, giving 
five divisions to the interval of the double line D, have been reduced to a decimal form, 
the units of which are intervals of 15", and these are the numbers given in the Tables. 
An attempt was made to reduce the measures to the scale of Kiechhoff's Tables, but 
the spectra are not found to be superposable on his. This is due, in great part, pro- 
bably to the prisms in his observations hanng been varied in their adjustment for 
different parts of the spectrum. The eyepieces ai’e of the positive form of construction. 
One, giving the power of 15, is by Dolloxd ; the other, of about 35, is by CooE. 

4. The exctdlent performance of the apparatus is shown by the great distinctness and 
separation of the finer lines of the solar spectrum. AH those mapped by Kiechhoff 
ai’e easily seen, and many others in addition to these. The whole spectrum is very 
distinct. The numerous fine lines between a and A are well defined. So also are the 
groups of lines about and beyond G. H is seen, but with less distinctness. 

As, with the exception of the double potassium line near A, no lines have been 
observed less refrangible than a, the Maps and Tables commence with the Line a of the 
solar spectrum and extend to H. 

The observations are probably a Kttle less accurate and complete near the most 
refrangible limit. Owing to the feebleness of the illumination of this part of the 
spectrum, the slit has to be widened, and moreover, the cross wires being seen wth 
difficulty, the bisection of a line exactly is less certain. 

5. For aH the observations the spark of an induction coil has been employed. This 
coil has about fifteen miles of secondary wire, and was excited by a battery of Grove’s 

u2 
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construction, sometimes two, at others four cells having been employed. Each of these 
cells has S3 square inches of acting surface of platinum. With two such cells the 
induction spark is 3 inches in length. A condenser is connected with the primary 
circuit, and in the secondary a battery of Leyden jars is introduced. Nine Leyden jars, 
each surface of each of which exposes 140 square inches of metallic coating, were 
employed. These are arranged in three batteries of three jars each, and the batteries 
are connected in polar series. 

The metals were held in the usual way with forceps. The nearness of the electrodes 
to each other, their distance from the slit, and the breadth of the latter were varied to 
obtain in each case the greatest distinctness. The amount of separation of the elec- 
trodes was always such that the metallic lines under observation extended across the 
spectrum. The tw^o sets of discharging-points w-ere arranged in the circuit in series, 

6. Some delay was occasioned by the want of accordance of the earlier measures, 
though the apparatus had remained in one place and could have suffered no derange- 
ment. These differences are supposed to arise from the effect of changes of tempera- 
ture upon the prisms and other parts of the apparatus. This source of eiTor could not 
be met by a correction applied to the zero-point of measurement, as the discordances 
obser^’ed corresponded, for the most part, to an irregular shortening and elongation of 
the whole spectrum. 

The principal air lines were measured at one time of obsening, during which there 
was satisfactory evidence that the values of the measures had not sensibly altered ; and 
these numbers have been preserv'ed as the fiducial points of the scale of measures. The 
lines of the spectra of the metals have been referred to the nearest standard air line, so 
that only this comparatively small interval has been liable to be affected by differences 
of temperature. Upon these intervals the effect of such changes of temperature as 
the apparatus is liable to be subjected to is not, I believe, of sensible amomit with 
the scale of measurement adopted. Ordinarily, for the brighter portion of the spectrum, 
the width of the slit seldom exceeded inch ; when this width had to be increased 
in consequence of the feebler illumination towai’ds the ends of the s}>ectrum, the measure 
of the nearest air line as seen in the compound spectrum w'as again taken, and the places 
of the lines of the metal under observation w’-ere reckoned relatively to this known Hne. 

By this method of frequent reference to the principal air lines the measures are not 
sensibly affected by the errors which might have been introduced from the shifting of 
the lines in absolute position in consequence of alterations either in the width of the 
slit, in the place and direction of the discharge before the slit, or in the apparatus from 
variations of temperature, flexure or other causes. 

The usual place of the electrodes w^as about *7 inch from the slit, though occasion^y 
they were brought nearer to the slit. WTien they are placed in such close proximity, 
the sparks charge the spectroscope by induction, but the inconvenience of sparks striking 
from the eyepiece to the observer may be prevented by placing the hand upon the 
apparatus, or putting the latter into metallic communication with the earth. 
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The spectrum of comparison was received by reflexion from a prism placed in the 
usual manner over one-half of the slit. As the spectrum of the discharge between 
points of platinum, when these are not too close, is, with the exception of two or 
three easily recognized lines, a pure air-spectrum, this was usually employedi as a con- 
venient spectrum of comparison for distinguishing those lines in the compound spectrum 
which were due to the particular metal employed as electrodes. The measures, however, 
of all the lines, including those of the air-spectrum itself, were invariably taken from 
the light received into the instrument directly, and in no case has the position of a line 
been obtained by measures of it taken in the spectrum of the light reflected into the slit 
by the prism. 

The measures of all the lines were taken more than once ; and when any discordance 
was observed between the different sets, the lines were again observed. The spectra of 
most of the metals were re-measured at different times of obsendng. In the measure- 
ment of the solar lines for their coordination with the standard air-spectrum, the 
observations were repeated on several different occasions during the progress of the 
experiments. The line G of the solar Table is the one so marked by Kirchhoff*. 
When no change in the instrument could be detected, the measures came out very closely 
accordant, for the most part identical. The discordances due to small alterations in the 
instrument itself were never greater than 5 or 6 of the units of measurement in the 
whole arc of 4955 units. As the apparatus remained in one place free from all appa- 
rent derangement, these alterations are probably due to changes of temperature. The 
method ('mph^yed to eliminate these discordances has been described. 

Throughout the whole of the bright portion of the spectrum the probable error of 
the measures of the narrow and w^ell-defined lines does not, I believe, exceed one unit 
of the scale. 

In the case of lines of sensible breadth and of nebulous bands, the point of intersection 
of the uires of tlie micrometer was brought as nearly as possible upon the centre of the 
lines, 

7. It is well known that the lines of different metals as a whole, as well as the lines 
of the same metal amongst themselves, differ greatly in their characters. For example, 
the narrow sharply-defined lines of cobalt and iron contrast strikingly with the broader 
and nebulously edged lines of antimony and arsenic. The spectrum of zinc affords a 
good example of the differences in this respect between lines of the same metal. In 
general, it may be that the less volatile a metal is, the narrow^er and more sharp are 
the lines, though indeed in the case of the metals barium, calcium, and strontium 
many of the lines are of hair-like narrowness and sbar|)ly defined. 

In the spectra of many of the metals bands of light also exist, generally rather broad 
and faint, which are not resolvable udth my instrument into lines. Many of these have 
the appearance of being true nebulous bands, whilst others under careful scrutiny 
present indications of being probably composed of lines. 

* Tatersuchtingeii ii. d. Sonnenspectnim, 2 Theil, Taf. iii. Berlin, 1863. 
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These characteristic’ differences of the lines deserve more careful scrutiny than it was 
needful, in accordance with my present purpose, to bestow upon them. As approxi- 
mative indications of their character, the following abbreviations are placed against the 


numbers in the Tables : — 

A line sharply defined at the edges, and narrow w^hen the slit is narrow . . . s 

A band of light, defined as a line, but remaining even with a narrow slit, nebulous 

at the edges n 

A haze of light irresolvable into lines h 

Double, too close for measurement . . d 


The comparative intensity of the lines is indicated by the smaller figures, which are 
placed in the position of exponents against the numbers in the Tables. I purposed to 
limit these estimations to the first ten figures, but so many faint lines were seen that 
the scale has been extended by adding fractional parts of unity. These figures may be 
accepted as approximative estimations of the relative intensity of the lines of each spec- 
trum. But as the spectra were not, for this purpose, compared one mth another, and 
so many circumstances affect eye-estimations of brightness, these figures must not be 
taken otherwise than as roughly indicating the values in intensity of the lines of 
different spectra. 

In many cases some of the lines of one metal will be seen to be very closely approxi- 
mated in position to those of another metal, though they do not actually coincide. In 
the Tables there are lines of different metals having the same numbers, these may with 
a greater dispersive power be found to be only very near each other. In the case of 
some, there may be small errors of observation ; for to have compared each spectrum 
with all the others would Lave involved very great labour. 

.8. I am indebted to the kindness of Professor W. A. Miller for the loan of specimens 
of gold, silver, thallium, cadmium, lead, tin, bismuth, antimony, arsenic, and palladium. 
Dr. Matthiessex has furnished me with lithium, calcium, and strontium ♦ and purified 
tin, cadmium, lead, bismuth, antimony, and iron. I have procured from Messrs. John- 
son and Matthey tellurium, palladium, osmium, rhodium, iridium, and pure platinum. 

I have electro-deposited upon platinum, from the solutions of their salts, sih er, man- 
ganese, chromium, lead, tin, cadmium, cobalt, bismuth, nickel, antimony, and iron, I 
have also prepared by the voltaic method, amalgams of sodium, potassium, barium, and 
strontium. 

9. The air-spectrum . — The lines given in this spectmra are present with all electrodes 
when the spark is taken in air at the common pressure. To distinguish the lines which 
belong to air, the spectmm betw^een electrodes of platinum was observed simultaneously 
with that between points of gold. The lines common to both these spectra were measured 
as those due to the components of auc The spectrum thus obtained remains invariably 

* Hr, MATTHiEssEis' informs me that “ the calcium, strontiiun, and lithium were prepared frem the pure 
chlorides as described in the Quart. Joumt. Chem. Soc., vol. viii. pp. 107, 143.” 
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constant, with reference to the position and relative characteristics of its lines, with all 
the metals which have been employed. The air-spectrum as a whole^ how^ever, varies 
considerably in intensity and distinctness with electrodes of different metals. As the lines 
are due to the stratum of air separating the points of the electrodes, it is to be ^expected 
that these lines will appear strongest and most distinct when those metals are employed 
which, being less volatile, will therefore in a less degree displace the air between the 
electrodes with their cwn special vapour. This consideration appears to be confirmed by 
obseiwation. The air-spectrum is especially intense and distinct when the spark is taken 
between points of platinum, gold, iridium, and rhodium ; whilst, of all the metals which 
I have employed, mercury and sodium, perhaps, are those with which the intensity of 
the air-spectrum is most diminished. With these comparatively very volatile metals, 
the air betw’'een and about the electrodes must be, to a ver}' considerable extent, replaced 
by the metals themselves in a state of vapour. It accords with, this suggested explana- 
tion of the differences in brightness of the air lines with different metals, that, if the 
electrodes be mercury or sodium and a platinum wire, the air-spectrum is observed to 
be weaker when the current is so directed that the greater heating effect of the dis- 
charge shall be at the mercury or sodium electrode, and to become perceptibly stronger 
when the current is reversed. It is known that, within certain limits, the air-spectrum 
is rendered more intense by the separation of the electrodes. 

The following experiments have been made to refer the lines of this compound spec- 
trum to the components of common air to which they severally belong : — 

a. Hydrogen , — The strong line of the air-spectrum at 589'5 is coincident with Fraun- 
hofer’s C, and with the red line of hydrogen. 

When the spark is taken in air that has passed over sulphuric acid, this line becomes 
very faint. A larger surface of acid being employed, the line faded out so completely 
that no trace of it could be perceived. Steam was then mixed with air, when this line 
became much brighter and the other lines of hydrogen appeared. 

The presence and comparative brightness of this line form a delicate test for aqueous 
vapour. 

b. Carbonic add . — Air that had passed through a solution of caustic potash wag 
examined, but its spectrum was not observed to differ from that of ordinary air. When 
carbonic acid is added to air, several prominent lines make their appearance. These 
are due to carbon, since they coincide with lines in the spectrum of graphite. One of 
the strongest and most characteristic of these lines, and a test for carbonic acid, is a red 
line a little less refrangible than the hydrogen line. Its number is 580-5. 

[Though a good indication of the oxygen and nitrogen compounds of carbon, the 
absence of this line must not always be accepted as a proof that no carbon is present. 
I have recently found that, when carbon is subjected to the induction spark in the pre- 
sence of hydrogen, this Hne in the red is not seen. Further details of these experiments 
will be given when the spectrum of carbon is described. — ^February 7, 1864.] 

c. Nitrogm . — In the spectrum of the electric spark when taken in a current of pure 
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nitrogen, a few of the lines of common air are wanting, but no new lines appear. The 
lines of the aii*-spectrum which remain in nitrogen preserve unaltered their relative 
brightness and their distinctive characters. In the Tables these lines are distinguished 
by the letter N. 

The nitrogen was prepared by causing air freed from carbonic acid by potash, to pass 
over red-hot finely divided copper which had been previously reduced from the oxide 
by hydrogen. The nitrogen was then dried by sulphuric acid. The freeness of the 
nitrogen from oxygen and from moisture was shown by the total extinction of all the 
lines which did not retain their usual brightness, and the absence of any trace of the 
strong hydrogen line. Subsequently a fresh portion of nitrogen was prepared by the 
same method, and a portion of it sealed up at the common pressuin in a glass tube of 
suitable form, pierced with platinum electrodes. This tube continues to give results 
identical with those obtained in the current of nitrogen. 

d. Oxygen — ^^"hen a current of oxygen from fused chlorate of potash was substituted 
for nitrogen, the numerous lines of the nitrogen spectrum faded out, and those which 
were extinguished by nitrogen reappeared with an intensity greater than they possess 
when the spark passes in air. These are distinguished in the Tables with the 
letter 0. 

No new lines were added to the spectrum, but an unexpected result was observed. 
Two (it may be, three) of the lines visible in nitrogen remained also in oxygen. The 
most noticeable of these is the double line 2642. This in the air-spectrum is not quite 
so strong as the line next in greater refrangibility. This brighter line became extinct 
in oxygen at the same time that the double line remained fully as brilliant as in air, if 
not a little exalted in intensity. This result, therefore, could not be due to any oxygen 
remaining in the nitrogen, or of nitrogen in the oxygen. The other line, which behaves 
similarly in oxygen and nitrogen, is the^hazy one in the red, 807. The line in the Tables 
marked with the symbols of nitrogen and oxygen, at 3456, is in the air-spectrum a 
double line. The narrow defined line of nitrogen is superposed upon the broader nebu- 
lous line of oxygen. Oxygen and nitrogen from other sources were then examined. 
Nitrogen was evolved from a mixture of nitrite of potash and chloride of ammonium. 
Oxygen was obtained from peroxide of manganese and sulphuric acid, also from bichro- 
mate of potash and sulphuric acid, and also from oxide of mercury. The gases thus 
prepared were identical in their action upon the spectrum with those previously 
examined. I have not at present carried this inquiry further. 

[I have carefully re-examined the lines which are apparently common to nitrogen and 
to oxygen. I now regard them as due to the superposition in the air-spectrum of lines of 
oxygen and of nitrogen. When the most remarkable of these, the double line 2642, is 
closely observed with the eyepiece of a power of 35 times, the double line, as a whole, 
appears to become in a slight degree more refrangible when the air is replaced by oxygen. 
As the oxygen lines of the air-spectrum become more brilliant in oxygen, the phenome- 
non observed may be explained by supposing a pair of unequally bright oxygen lines to 
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be closely approximated in position to, but a little more refrangible than, a similar 
pair of nitrogen lines. 

In air these four lines would form an ill-defined double line, while in oxygen the 
exaltation in brilliancy of the lines due to oxygen would make up for the extinction of 
those of nitrogen, thus leaving a pair similar to that seen in air, but now a little more 
refrangible, from the loss of the less refrangible line of nitrogen, and the greater bright- 
ness of the faint and more refrangible of the oxygen lines. This explanation exactly 
corresponds with the changes in appearance and position of the double line. The obser- 
vations have been repeated several times with oxygen from chlorate of potash, and also 
with oxygen from bichromate of potash and sulphuric acid. The change in position as 
observed relatively to the con'esponding air line in the spectrum of comparison w^as not 
relied upon. The fixed cross of the micrometer was made to coincide with the oxygen 
line next in less refrangibility, 2626, the moveable cross was then brought upon the 
centre of the brighter of the pair 2642. When a current of pure oxygen w^as made to 
pass through the glass tube in which the platinum electrodes were sealed, the double 
line w’as seen to have moved from the point of intersection of the wires towards the 
more refi'angible end of the spectrum. To restore the cross to a position similar to that 
which it before occupied, namely, upon the centre nearly of the brighter of the pair of 
lines, required that the screw* should be turned through a part of a revolution corre- 
sponding to a little more than two units of the scale. This measure is greater than 
the appareiit change in position would have suggested, for in oxygen the lines are rather 
broader and more nebulous. The distance between the components of the double line 
is greater in oxygen. The alterations of pos^ition and of character are much better seen 
when the spectra of oxygen and nitrogen are newed simultaneously. 

A similar explanation is to be given of the nebulous band in the red at 807. In 
oxygen the position of greatest brightness is more refrangible than it is in air and in 
nitrogen, though the band itself does not advance beyond the more refrangible limit of 
the corresponding band in air. The line at 62 9 ’5 is a pure nitrogen one and fades out 
completely in oxygen, but then a nebulous line appears at a little distance, about 638. 
Of this, in the air-spectrum, a faint trace only can be perceived. — Feb. I864.J 

10. Sodium . — ^When the spark was passed between electrodes of sodium, in addition 
to the well-known double line, three other pairs of lines and a nebulous band made 
then- appearance in the spectrum. The tw'o more prominent of these are not far from 
air lines, and with an instrument of insufficient dispersive power might easily be con- 
founded with them. As these Mnes might be occasioned by impurities in the com- 
mercial sodium employed, I prepared an amalgam of sodium, by making mercury the 
negative electrode in a solution of pure chloride of sodium. The mercury had been 
examined, and its spectrum was kno^vn. When the spark passed between this amalgam 
and a platinum wire, the same lines were seen, with their peculiar characteristics of 
relative position and intensity. Cotton moistened with solutions of chloride of sodium 
and of nitrate of soda was then used as one electrode, the other being a platinum wire. 

MDCCCLXIV. X 
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With both these salts the pairs at 820 and 1170 were satisfactorily observed, thotigh it 
was with some difficulty, and only by occasional glimpses. 

I then compared the sodium-spectrum directly with that of the sun. So numerous 
are the tine lines of the solar spectrum, and so difficult is it to be certain of absolute 
coincidence, that I hesitate to say more than that the pair of lines 818 and 821 appeared 
to agree in position with Kirchhofp s lines 864-4 and 867*1 ; and of the pair 1169 and 
1174, one appears to coincide with a line sharply seen in the solar spectrum, but not 
marked in Kirchhopf’s Map, which would be about 1150*2 of his scale, and the other 
with Kirchhopf’s line 1154*2. The other pair and the nebulous band are too faint to 
admit of satisfactory comparison with solar lines. 

11. Potassium . — When commercial potassium is employed as an electrode, about 16 
lines are seen in addition to the pair near A of the solar spectrum. Four quite distinct 
specimens of potassium gave identical results, the same lines being \isible in all, and no 
other lines. I then prepared by electricity an amalgam of potassium, but, with the 
exception of the line 840 occasionally \dsible, the lines w*ere not seen. As the potas- 
sium lines are fainter than those of sodium, this negative result does not appear to be 
conclusive, since the gi’eat intensity of the mercury-spectrum might overpower the feebler 
lines of potassium, especially w'hen this w*as present only in small quantity and not in 
the concentrated metallic form. One electrode was then surrounded with cotton con- 
taining concentrated solution of chloride of potassium, and afterwards with cotton con- 
taining that of caustic potash. With both these, rather more easily with the latter, 
the lines 840, 1049, 1065, and 1073 w’ere occasionally and faintly perceived, 

[This gi*eat diminution in the brilliancy and number of the lines when, in the place 
of metallic potassium, solutions of its salts are substituted, may be due to the unfavour- 
able condition of the latter for the production of potassium vapour. The large volume 
of the gases formed by the decomposition of the wuter must disperse and attenuate the 
comparatively small volume of vapour of the element forming the base of the salt, and 
also the great expansion in the gaseous state of the constituents of the water would 
lower the temperatui’e of the vapour of potassium mingled with them. The salts should 
be subjected to the discharge free from water, and in a condition in wffiich they conduct 
the current. If dry, or fused upon the wires, they are disrupted and scattered. 

A platinum wire was coiled at one extremity into a little cup-like cage. Chloride of 
potassium was placed in this and fused. This wire, with the fused bead of chloride, was 
placed above the platinum wire forming the other electrode. A spirit-lamp is placed 
beneath the wires ; as soon as the bead is in a state of fusion, the lamp is withdrawn 
and contact immediately made. During the few seconds that the chloride remains 
fused, most of the lines of metallic potassium are seen. Of the lines 1328 and 840 the 
observation is less certain, and is very doubtful of 763 and of 727. 

Protochloride of tin similarly employed gives a brilliant spectrum of tin. — ^Feb. 1864,] 

12. Calcium . — The spectrum was obtained from electrodes of metallic calcium, sup- 
plied to me by Dr. MATTHiESSEjr. The colour of the spark, m seen by the eye, is bril- 
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liant red purple. The contrast is exceedingly beautiful between this and the intense 
green light of thallium. Two or three nebulous bands in the red present indications of 
resolvability. There is also a difhised green light from 1297 to 1375, The line 1506 is 
in a small degree more refrangible than the strong thallium line. The strong line 1260 
is very near a tin line, but the contrast between the sharp calcium line and the nebulous 
tin line is very marked. A pair of strong lines is seen near the extreme refrangible end 
of the spectrum, which may coincide mth those of Fraunhofer’s H. This specimen of 
calcium produced also the lines of magnesium ; these were of course omitted, as on the 
chemical analysis of this specimen of calcium it was found to contain magnesium. 

18. Barium . — ^As I could not obtain barium in the metallic state, I prepared an 
amalgam of barium by the electrolysis of chloride of barium. The mercury was a 
portion of the same used in the other experiments, and which had been examined in 
the spectroscope. The spectrum is one of great beauty, and the lines are for the most 
part sharp, narrow, and intense. There is a very strong line in the indigo, near a line 
of platinum ; the latter is furnished also by my specimens of iridium and rhodium. 

The line next in greater refrangibility appears to agree very nearly in position with 
one of tin. 

14. Strmitium. — Metallic strontium prepared by Dr. Matthiessex was employed. 
The spectrum is exceedingly brilliant, the lines being numerous, narrow, and intense. 
It is remarkable for several bright nebulous columns in the red and orange ; these pre- 
sent indications of containing numerous fine lines. 

This metallic strontium contains calcium, the lines of which have been eliminated. 
An amalgam of strontium was prepared, and with this all the principal lines of the 
spectrum from the metal were confirmed. As might be expected, many of the fainter 
lines were not recognized in the spectrum of the amalgam. 

15. Manganese . — ^The lines were obtained riom an electro-deposit of manganese from 
a solution of the chloride of manganese. Upon comparing this with a specimen of 
mjinganese which I was informed had been reduced by charcoal, all the lines of the 
electro-deposited manganese were seen in the other ; but this contained, in addition, the 
numerous lines of the iron-spectrum. The most characteristic groups are a triple line 
from 909 to 915*5, the five lines from 2267 to 2401, and the close group extending 
from 3097 to 3133. 

There are two remarkable broad nebulous bauds, one at 840 and the other ai. 1565 ; 
the former, I suspect, is double. As the deposited manganese is brittle, the lines w*ere 
fitful in consequence of the disruption of portions of the deposit by the spark. This 
may be the reason that some of the finer lines were not observed. 

16. Thallium . — The specimen of thallium was lent me by Professor W. A. Miller, 
who received it as piu*e thallium from Mr. Crooees. With the exception of a few faint 
lines, one in the red rather strong, and a distinct line near the most refrangible end, the 
spectrum agreed with the description in Professor Miller’s “ Kote ” on Thallium 

• of the Boyal Society, January 1863, voi. sii. p, 407. 

X 2 
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17. Silver. — ^The spectrum is that of electrotype silver, obtained from pure nitrate of 
silver in cyanide of potassium. 

18. Tellurium. — This metal was supplied to me as pure by Messrs. JoHsrsojt and 
Matthey. It contains many strong and characteristic lines. The strong line in the red 
is very near the strong line in cadmium, but the latter is in a small degree less refran- 
gible. 

19. Tin. — The spectrum was obtained from purified tin, and confirmed by compa- 
rison with electrotype tin ; one line, not obser\^ed in the spectrum of the latter, has 
been omitted. 

20. Iron. — Electrotype iron was employed. This spectrum agreed exactly with a 
specimen received from Dr. Matthiessex as very nearly, if not quite, pure iron. 

21. Cadmium. — The spectrum of purified cadmium was confirmed by comparison with 
cadmium electro-deposited. 

22. Antimony. — The numerous and strong lines of this spectrum are, for the most 
part, nebulous at their boundaries. The spectrum is that of electro-deposited antimony. 

23. Gold. — The specimen of which the spectrum is given was received from Pro- 
fessor Miller. It w^as reduced by him fi'om the pure chloride, and fused under bisul- 
phate of potash. 

24. Bismuth. — Electro-deposited from the nitrate of bismuth. 

25. Mercury. — Commercially pure mercurj" was washed vrith nitric acid, and then 
distilled. A portion of this w^as placed in a small cup made from glass tube, into which 
a platinum wire w^as sealed. The other electrode was a platinum wire. 

26. Cobalt. — Electrotype cobalt from the chloride was employed. The lines are 
numerous, sharp, and narrow^ and in their groupings there is considerable resemblance 
to the spectrum of iron. 

27. Arsemc. — From a specimen of carefully re-sublimed arsenic received from Pro- 
fessor Miller. The strong line 1814 is veiy' near, but not quite so refrangible as, one 
of the strong lines of copper. The strong line in the red, 812, is near the hazy band of 
the air-spectrum. 

28. Lead. — The lead was obtained by electrolysis from the nitrate of lead. 

29. Zmc. — Electrotype zinc was used. This spectrum is remarkable for the strong 
contrast between the nebulous lines, and others near them sharply defined. 

30. Chromium. — The chromium was electro-deposited. The triple nebulous band 
from 1081 to 1090 is remarkable. The groups of lines in the blue and indigo, which 
for the most part fall between air lines, are very beautiful, and in a marked manner 
characteristic of this ,metal. 

31. Osmium. — Received as pure from Messrs. Johnson and Matthey. Iridium and 
rhodium have also been measured, but, as these have lines in common, their spectra are 
deferred. 

32. Palladmm.~--K specimen prepared by Dr. Wollaston was observed simulta- 
neously with palladium received as pure from Messrs. Johnson and Matthet. The 
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latter contained several lines which were not in the Wollaston specimen. The lines 
only which were common to both spectra were measured, and are given in the Tables. 

Nebulous bands, probably resolvable, are seen at 1000, and from 1219 to 1233. 

33. Platinum , — ^The lines of platinum are not easily observed, as several of Them are 
fainter than the air lines near which they occur. The points of platinum must be 
brought near each other. The spectrum was mapped from electrodes of platinum wire 
specially prepared by Messrs. Johnson and Matthey as “pure” platinum. 

There are two bands of fine lines at 913 and 939. 

34. The spectrum of Lithium was observed from electrodes of metallic lithium. Only 
one line of moderate intensity was seen in addition to the three strong lines which are 
known. The numbers are 52T5®s, 856® s, 2013^ s, 2732^ n. 

35. Several other spectra have been measured, or are in progress ; these are reserved 
until the remaining metals and elements, as hir as may be practicable, have been investi- 
gated. 


Note to the Tables. 

Upon a re-examination of the Tables I found that it frequently occurred that lines of 
two or more metals were denoted by the same number. It appeared probable that these 
lines haUng a common number were not coincident, but only approximated in position 
withm the limits of one unit of the scale employed ; and besides, there might be small 
errors of observation. I therefore selected about fifty of these groups of lines denoted 
by common numbers, and compared the lines of each group the one with the other, by 
a simultaneous observation of the different metals to which they belong. Some of the 
lines were found to be too faint and ill-defined to admit of being more accurately deter- 
mined in position relatively to each other. 

The follo\\ing lines appear with my instrument to be coincident. 

Zn, As 909 Na, Ba 1005 O, As 1737 

Na, PblOOO Te, N 1366 Cr, N 2336 


Of a much larger number of groups, the lines were, by careful scrutiny, observ^ed to 
differ in position by very small quantities, corresponding for the most part to fractional 
parts of the* unit of measurement adopted in the Tables. These are — 


Sn 

459 

Ba 

021-5 

Te 

657 

Bi 

837-3 

Co 

937 

Sb 

1081 

Te 

1485 

Zn 

1797 

Sb 

458-8 

Bi 

021 

Cd 

650 

8b 

837 

Sb 

937-5 

Au 

1081-5 

Fe 

1485-3 

Pd 

1798 

Ca 

515 

Ca 

622 

Fe 

690-2 

Cd 

889 

Au 

981 

Ca 

1256 

T1 

1505 

T1 

1851 

An 

516 

Fe 

623 

Zn 

096 

Sb 

889-5 

Sb 

981-5 

Co 

1257 

Mn 

1505-5 

Bi 

1851-3 

Te 

545-5 

Au 

043 

Sb 

765 

As 

908-8 

Ca 

1031 

Fe 

1276 

'Pd 

1548 

Sb 

1900 

Sb 

545 

Ca 

642 

Te 

765-3 

Mn 

909 

Pd 

1031-5 

Ag 

1276-3 

Fe 

154S-2 

Pb 

1900-3 



Fe 

641-5 






1031-2 




N 

1900 









Pb 

1031-1 







Sii 

581 

Ca 

649 

Na 

818-3 

Ca 

921-2 

Te 

1030-3 

Fe 

143S 

Pb 

1593-3 



Bi 

581-5 

Su 

648 

Ca 

818 

T1 

921 



Te 

1438-3 

Fe 

1593 




Co 921 
Sb 921-1 
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Table I. 


j Solar. 

Air. 

Na 

K. 

Ca. 

Ba. 

Sr. 

i 

Mn 

Tl. 

Ag. 

Te 

Sn. 

Fe. 

a 322 









1 




1 

; 












365= 

' 













418= 8 





i 













426= 8 





1 
















441-= 8 

444= 










B 449 









1 


. 




459-* g 










486-’ g 

480- 

8 
























491’ 8 







' 515-- 

8 

523- g! 

1 















532-' 8 






. 









! 



549-’ 

8 





545-3*n 





N 

565-5- 





563' 

8 
















573’ g 









581’ 8 



C 589-5 

H 

589-5 ‘h 






595= 

ei 


596‘ 

B 

. . . 


1 . . 









608’ 8 


















619= 

ai 






! . . , 




629-5= 



622-’ 


621-5’ 8 









623' 

g 






6-25’-’ 

8 




i 














637-' 



655 

h 







64 1-5- 

g 






642= 

S 

645’ 8 


1 

. 





B48’ 8 

667*’ 

s 






649-' 

8 



t 





657-3’ 8 












669* 

8; 







673’ 

s 





727-' B 

655’ 

8 

.... 1681’ 

8 ' 







674-’ 

n 






699-= 

8 

. i 684’ 

B, 







683-’ 

8 






709-= 

8 

704’ 31692-’ 

fl, 




690-= 8 

693’ 8 


696 2- ■ 

8 




1 

763-^ 8 

723-= 

S 


7(K]-= 

S 

704-=' s 1 















705-5- 

’ 8 





703-' n 


709-" 

H 






813’ 

8 


723 

h 







719-’ 

8 


i 




818* 

8 


745-= 

s' 



1 

. . 

735= s 


726-’ 

S 


NO 807- h,d 






76U 

h 




762-= 6 

765-3 ’n 


758-’ 

8 






843= 

8 j 

847= B 

777 

h' 


768’ ' 

h 


774= 8 


763-’ 

8 




818’- 's 




879- 8 

807*’ 

s ^ 

8371 . 


j 




772’ 

8 




821’ 8 


859-= 

S 


856’ 

s' 

843/ ^ 






795’ 

8 




j 


863-= 

6 










829'= 

8 





840’-’ 8 







i 






852-’ 

8 






882 

h: 





1 



894= s 


869-5-’ 

‘ S 






92l-2-=B 


.... 



I 





909-’ 

8 




j 




908’-’ B 



909'-’ 8 



899-' 8 

917’ B 


937*’ 

8 


N 

959^ 

j 


934 

h 

925'-’ 8 

924 

h 

913=-’ 8 ! 





927*’ n 


953-’ 

8 


N 

967« 





943’-* s 

941’ 

h 

9l5=-5 s| 

921= 

s 

943-’ 8 

945 3-’ 8 


995-= 

S 


5 

975* 

1 




993-’ B 

945-’ 

s' 





971’-58 





N 

978’ 









960’ 

8 


...... 




1000 



io«r B 






1 










DM()05 j 



1(8!5' B 




1005* n 











Solar. 1 


Mt, 

Na. 

K. 

Ca. 

Ba. 

Sr. 

i 

Mn. 

Tl. 

Ag. 

To. 

Sn. J 

Fe. 
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From a to D. 



Cd. 

Sb. 


.•iu. 


Bi. 

Hg 


Co. 


As. 

Pb. ^ Zn 

' 

Cr. 

’ Os. Pd. 

Ft ’ 
i 



396* 

n 










i 

1 



j 

i j 

i 


i 




458-51 

n 










1 



1 


! 

! 

475= 

a 



473* 9 







! 



■ 1 


! 


502* s 

487= 

g 










480* 8. 



!. I 


i 



501*= 

n 













! ; 


! 





516-’ 

s 








' 



' i 


! 



5ir 

«i 

. .. 









542-5' 9 



! ! 







535-' 









i 








5451 

n 

541^5 

9 

572' 8 









541* 

s ^ 1 


1 



6141 

n 



581-5'- h 



.. . 




.. . 1 577-= 

n 


i ! 





620’ 

11 












1 



i eaa- n 





621* 8 



645>n 

.d 



' .. . 


621-* 

n ' 1 



1 

640' 

n 
















1 056- g 



643-* 

g 






.... 


696* 

8 

640-’ 

n’ 641* 6 














072’ 

n 










j 

659‘' 

9 


1 








654* 

n ' 1 





679- 

h 




1 

j 685' _ 

n 

701* 

a 






' 














707* 

n 




; 685-* 8 










[ 

1 697’ 

n ' 

731- 

8 







; 689-' 

8 


. . 










! 759’ 

n 







1 ■ •' 

7191 

n 


i 



j 

745-* 

b 



; 782* 

8 


; 741 •* sj 

j 



729= 

11 

’ 727-1 

S 1 











; 762-= 8 

1 

i 


7391 

11 ' 

1 734-' 

a 




763- 

B 



j 



, 1 

I 

j 

i .... 

765* 

n 




i • • . 




812' 

n 

: 898’ 8 ' . 


817' 

n 1 

I 

j 




747*" 

s 


i 826' 

n 1 

844 

b 

833' 

n 

i , 855 * 

n 


, . . 1 837-= s 

i 

j 


787’ ’ 

li 



i 837-3* 11 





: 850* 

n 



843'-' 

D ‘ 1 



* 

796-’ 

b' ... 


1 H84' i( 

‘jl'o ■ 

'* 1 


s 



1 



; j 


1 

i .... 

81tH 






1 

' 891-- 

8 

' 870* 

n 



! 856-* 

** ! 



8S9'5-® n 

837" 

n i 


887-' s 


1 





: 895' 

8 



i 


;918^ n 

871- 

n 




1 


1 


i 


i 




1 


9.53' s 

889= 

11 ; . . , 


899’ 8 



i . 


I 908-8' 

’ n 

. . ' 909* 

D 



i 913 

h- 

9861 a 

92M‘* 

11 

951 1 

9 ’ 

: 93!t’- li 



1 921’ 

s 



924= 11 i 


j 





937'5= 

n 

956‘ 

g 

943* b! .. 

1 923- 

s 






. , 929-’ s ! 

i 




981-51 

n 

981 •* 

8 




931** 

K 



‘ 




' 939 

b; 



988-5* 

n 




... 


937-* 

S 

1 ! 


i 




1 950-* 

S , 










985= 

B 






, 1 |995; 

; 958-* 

S j 



100o’-5= 









! .. . , 


1000* n, loop 

8 


i ! h 














! 


1 i 

1 1 



1 ;1005j 




Cd, 

Sb. 


Au. 


Bi. 

%• 


Co. 


j As 


Pb. : zh. 

Cr. 

1 Os. i Pd. 

Pt. 
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Table II. 


Solar, 1 Air. 

' Ifa. 

K. 

Ca. 

■ Ba. 

Sr. 

i Mn. i Ti. 

1 

^ Ag. 

i 

1 

1 Sn. 1 Fe. 


J) '^ 1005 ' 









1 

1 













8 





103P-5 8 






! .... 


j 


10491 

n 


1034' 8 


‘ 10552 8 

103l-2-n 

1030-3-5 £ 

.... !l030‘2 

s 



1065-® 

n 


10571 s 

1061-5 g 

, 


10352 

; - - i 


j 


10731 

5 n 


10961 s 


.. 



... I1090-* 

S 

K 1100-* 





. 1 .... 

! 1099-5 11 



i 107611' n‘ ... . 


j K 11181 





1102' n 

• • 


llir n 

j 


I S 1135-2 

11692 s 




1119‘ 8 




1122’ 



S 11502 

11741 s 




* 




..... j .. . 


S 11711 






.... 1 


iisr n 

. . 


K 1177' 







1 



.... 1 . . .. 


1180’ 







1 





K 118/1 







- - j 

.... 



1225-5 

s 








; 


1204' " n 

.. ... 12361-' 

a 

K 1294-’ 






1203’ 11 

. . 1 .. . 

1207-' n 


. . 1247 ’ 

s 

K 1302-5 




1247-' 8 

.... i . 

,, . ; 




1219* 8, 1251 -2 

8 

K 13101' 




1249-5 8 

12271 's.! 

1 

1223-2 B 


. . . :mi- 

R 

S 1314-5-5 




1252’-' 8 

... ! ... 

i .... 

1227-1 11 

1230‘ 8 

. . . il274-' 

s. 

K 1319-2 




12562-5 8 



1240-' 8 


1260" n 1276-2 

s’ 

K 1349‘-i 




1258-5-5 s 

... . |1268 2 8 

1289’ 9 

1257-1 B 

1270* 

... , 1338-\s 






1260-* s 



1276-3-5 8 


1383-5 


K 13661 




1265-' s 



.... , .... 


. . . 

1391-1 

8) 



13281 



1271 ‘ s 


... : • 

1286 5' 8 


1284' n 1400-1 


K 1383-’ 







! ... . 


! .. .. 

1 1413-5 

s’ 

If 1394-1 





1307* 8 

13U12 s 




. . ... !1419-i 

.s} 





1335-- 8 

. . ! 13052-5 J, 

13291-5 n! .... 



' .. .. 1421-5- 

1 sj 






i 131 11 8 




1 ,. .. :U34-' 

Si 






: 13242 8 

1 ’.. j 



' .. .. 11438-5 

8 






1351-’ s 





i , . |l 445-1 

8 






113412 8 




11446-1 

s’ 

1 ' 





:]349-' h 

1 ... 

1 . . .’ ' 


' ; 1456-1 

sj 

i 1 





11359 ' 8 

' .... 13561 g 

I 

1357" 8 

1 i 1459-5- 

Jgl 

1 





,13652 s 

1376’ s . . 

,13722 8 

1366* s 

1 .... il467-i 

»! 

1 1 






13972-5 s 

1113’ 8 .. .. 

'1380* 8 

1396" 9 

.... 11481’ 9 , 

d! 

1 ! 

i 






1428’ 8, .. . 

;i42i-' 8 


j I1485-3' 

' s 







1425-2 8 

14381 s' . . 

11435-1 s. 

U38-31 8 

.... 1486-2 

6 

i i 






14671-5 L 

1443-1 s, 

1446 h| 


1484’ 8 1 486-5-' 

■’ B 

: N 15022 




15061 8 



14522 8' . . 1 



; 1488-2 

8 

If 1516-2 








I456-'2 8 1 



1532'! 

8 

1 






1473-52 8 .. i 


1485* sj 

.... 1537-1 

8 

j N 1537-2 





i .. 

1505-5- 's ISOS'* 6 



15062 n:lS4l-5 

8 

j 







1515’ 8 


1548-2'’ s' 

1520’ h , 1545-5 

8 

j 







i 


i 

1524* n:lS60-^ 

s 








15591 J .... 



1576’ n 1574-2 

8 

i 







1571 1 


15622' si 

il582-is 

4 

1 TT ri599 ; . . 




1 599-5 ‘ 8 



j 



..... ;i593-5 

g 

t -^iieoo j 







.... i 



11599-1 

a 

' 1 







i 


1 

j 1600-1 

8 

1 Solar. 1 Air. 

Ifa. 

K. 

Ca. 

Ba, 

Sr. 

Mn. i Tl. 

A*. { 

Te. 

Sn. Fe. 
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From D to E. 


Cd. ' Sb. j Au. 

i i 

i Bi. 

1 

iig. ! Co 

A.. 

Pb. 

Zn. ! Cr. 

0,. 1 

1 

Pd. : 

Pt. ! 

1 1 
' . 'lOll* 


1008* Aii .. .. 



; i 

! 

i 


i 

.W25^ 

8 1026- n 

1019’ n i . . 



! .. '1029* s 102.3* 8 



' - . 

. . ! . . . 


10311*8 



1031-5 h 


1 1041’ s 1045* 

s 1059' n 

. i .... 

1042* n 


i .... 



1041 ’ s ! 

: 1057-’ 8 ' ... 


lOHO-’ n! .. 






1045- s 



.. i . 


. . . 

.... '■ ... 


1056 * 8 


1081* n 1081 o- 

8 

1074 h' . 


1055-' n 






i 



. 

1062-’ 6 1081* h 

1068 h 


1 . . . ^ 1145-n 1109* 

8 .... 

1083 .1'n ... 

1090- ' n 

1094’ n 

. .. 1087' h 

. 


1073-' d 



1 100-5'’ n. ... 



. .. 

1110’ 8 lOilO* hl093-’ 8.1084 h 


1 .. 1 . 

1143' n 

i 







; 11.58* n ‘ . 


1177- n‘ ... 



1 122-’ n 




;1189-'’n 

* 1197' n 

i 




1141* s 

11 27-* 9 


1199- 

8 .... 

I 





U29’ s 




. . . i . . 

1203' n 


. . .. 1212* 8 


1185-* s 


1207* h ■ 


1 







1214* n 

i ■- 




1242*-’ 8 


11 99-* 8 


. , 1220* n 


1252’- u, 



1 




. 1266-’ 

n 

j 



i 




1 . . . 1279* n ' 


' 



1 




i , .. 1 .. 

12.93' s 

.... 10.39-’ s 



i 




1383* n ! 


. . 1043-- 8 




. .. 1I212-’ s 


i . . ■ 1 • 

1305 ' 8 

. . )207- 8 

1231- n 

1240' 







. 1217 8 

1257-' n 



1264* 8:1219] , 


; . 1 


1 1257 ' 8 


i 1279' n 

1269-' n .. . 

12^13 f ^ 


1 i 



i 


. 


1240 5-* 8 


1 : . 



1 . . 


1283* n , . . 

. . <1248-’ 8 


1 , ! 


' ! 1361' 8 

j 1291" n 




1259-5'' 9. d 


1 ‘ ; 


! 1401'- ’ 8 









1 1470-' 8 




1322- 8 

1281*-' 8 

j 

' j 


; ... :i48.3* s 





1299' s 




jl.385*" 1) 1491 s 

1348’ n 



.. :i303’-'’ n 


1 . . ' . 


1 .. . 1496-’’ 8 

1 •• • 


1 .. . 

. . 11331*-’ n 

136:-' 8 

. . i . ' 

1395' h 

! . 1 

! 

i 


UUo-' s 

1380’"'' s 


; 14,17 h: 


1.100 5- s 



; 






,142l*- n 15015*.* 



.. .. 14.39*-' 8 

1432- .s 

1412'’ s 


1473* ’ll 1471’ a ■ . . 

1453* h 

1.108-* s 

, 1143’ n 




1456" s 

1459-' 8 



11487- n 1514* ^ 



. ,1507-5'' 8 


1492-* s ' 

1484- ' 8 

i ' 

, .... ; 


, 1,125- ’ll. <1 

i 1465* n 


1510’ s 





119.1 h 

. . 1 1.134' s 


1479' n 



1511 ' s 


i 1501 ! 


. 1.139-'* s 





1548' 8 


1517* ' n| . . 


154.3-'' 8 



^ . 1532* s 




... . 1 


.1549’ s 



■ 1519 ' n ! 


1569 s 

1561" 8 1 

1.156’ n . . ; . . 


' 1573" 8 

1529'* n 


1 . .. 1567* s d 




. ... ; .. . 1 


1579"' 8 







... 1 


1583 - u 1584" s 

1577* n 


1 '1594-' s 





1598- n 

1586*-'* .8 







.. ^ .... 1 


' 1591-’ 8 


1593-3-’n 

i ! 




Cd. Sb. ; Au. 

Bi. 

Hg. Co 

As 

: Pb. 

. Zn. i Cr 

Os. 

Pd. 

Pt. 


>'.]]. In the column Ba the hue 1271* should be IdOS* and the line 13117', 1327'‘. 


MDCCCLXIT. 


Y 
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Table III. 


Solar, 

i Air. i Ka. 

1 ! 

K. 

Ca. 

1 Ba. 

! 


Mn. ; Ti 

Ag. 

Tr. 

Su. 

j Fe 


p/1599 

: i 



1 

i 


i 


1 


j 

! 


^[1600 

; 1 



! 

1 


, 


i 


! 





16.15’ 

p' .. .. 



... i . . 



j 


.1603''' g 



; j 


1609-'’ 

s . .. 

1617' 


1617 " . .. 


j 


4608" s' 


! i 

il6l2" 

s'. ... 

1638' 


1 


i 1658- ■' ri 


:i613'' bI 

j 

'0 1678" ; 



1651'’ 

•j 



i 

1657' n 

il621-' 8 

' 

1 i 


1 

16.'i6 


.... ' .... 

1675 ' 11 



4632" 

i 

: 0 1699^ 



1659- 

s, 





;1645' b' 

I 

iK1713h , .. . 

; 1702' 

?! 

1665’ 

S 

! 


1 


10.53* b' 

1 !' 1708 

iy 171811*, ... 



■ 1745’ 

S 

.... * . , 


! . .. 


'I662"8,cI 

: b 1723 

;y 172111 1 .... 

.. . 1 

1 .. . 



. . 11747*0 


1 


1691" 

117315 .... 

i . 








,1696’ ri 


0 1737'' 


! 





! 1773'’ n 


1698' 8' 


' 1746 n 







1 


1713" »( 


il753"n 

j 

) 



I . 




1728' s' 


! 


! 

1 




1 


1731" g' 



! 

j 







,1753-* B. 


J ' 

1 


1817 ■’ 


1851* 11 




1 707'" B 


,N 1860" i ... 

: 


1 , 





1821 1. 

1775- 8 



j 


i 






1821 li, 


1X 1900’ ’ 

... ' 1907-" 

6 

I .. 


■ 1885’ s 


1909-' n 


.... j 


'X1929' i .... 





i . . 


' 




1 


■X194]- 1 .. 


1935" 

?' .. . 







i 


iX1951-' .. . 




! 






i . I 


X1956- . . . 










*1940 .B ! 


:X 1960 5'''! 



i 







1 1 


X 1967"^' 










j 



.l\I978'’ : 










‘ 



:X1990-' i . 



1 •• 










;1991 bj 


i 

i 


' 












, 1999- li 







'0 2013' .. . j . .. 


' 

: 2021 ' 

B 

1 




2030 B 



'0 2060-' : . ! .. . 


' 

■ 2029- 

(. 

' ! 




' 1 


X2it79'’ ; . . ; 



2060 

h 

. :2146-b ! 


; 


! 


'O2089-' ! ..... i .. . 


2075 n 

2145' 

e 

i . ... 






10 2119’ i 1 





j 




1 


1X2140" 1 ’ . . 



,2176'-' 

' s 

i 


' 


2092* g! 


,0 2145-’’ ! .. . ' .. 


2133' n 







,2098" 6, d' 


jx2i68-'' . : ... 



! . .. 


. . 1 ... 1 




1 


' ! 


i 

! 

1 

i 




;2U7‘ 8! 



2172- 

b 

i 


! 






021S1-'' ! ’ 



12180-^ 

' B ' 





i 





1 

■2185' 

S ' 



1 


1 



X2192- : . ... 



1 









: 1 


i 



1 ' 


i 2190 'll 




F 2200 

' i i 


! 

1 

1 

1 i 


i 


1 


Solar. 

; Air. i Xa. 

i 

K. 

fa- 

1 Ba. 
i 

Sr. 

1 

Mn. i Tl. ! 


’ Te 

So, 

Fe. 



* "When the inductioii spark is Liken in oxygen, a faint line is seen nearly in the position of the nitrogen line 
171S. tSinee the lines of oxygen have a dinunished intensity when the spark passes in air, this line would be 
too faint to ]ie distinctly observed in tbe air-spectrum, in which it occurs in a position of close proximity to 
brighter lines of nitrogen. 
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From E to F. 


I Cd. 

Sb. 

1 

Au. 

1 

Hg. ! Co. 

As. 

Pb. 

Zn. 

Or. 

Os. 

Pd. , Pt. 


i 

i 

1 

1 


i 

i 

i 

I 

11602-* e 




1605-5' 8 


i 


1 


Aeiw" 8 




1607' 8 


1617-= 8. 

I 

: 1636“ li 


1617-’ 8 

1618' n 




1619-= 8 

1622-= s! 



1647“ 3 


. . 1 1619-3 1 , 


' 1626' n 

1626-* Si 

1642'-=g! 1653' 8 


, 1661' 6 ‘ .... 

. ... 

1662-' h ' 1622-- 8 



1640-= 8^ .... . 

1674-' B 


, ! 

'1675’“’ 11 

' 1626-“ B 


il645-'ri 


1683-' s 

1 


1 1 

1685' n 

;1642-= 8 


1685' s 


1657-' 81 

i 

1 

, 1715^ h 1 


1650-= s 



1677' si 

! 
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Table IV. 
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Xa. 


Oa. i Ba. 
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ON THE SPHXTRA OF SOME OF THE CHEMICiLL ELEMENTS. 


Note to Plates I. and II. 

The scale upon which the spectra have been laid doTO limits the intensity that can 
be given, in the engraving, to the stronger lines. From this cause the spectra, as 
engraved, appear too faint. If greater force had been given to the lines, by making 
them broader, they would, in several spectra, have occupied singly the space in which 
two or more lines have to be laid down. This deficiency in strength of some of the 
lines is more appreciated b}' the eye, in consequence of the shortJiess of the lines of the 
spectra, with the exception of those of the air-spectrum. The naiTowness of the spectra 
of the metals is unavoidable, if the great advantage of ha\ing all the spectra upon one 
Plate is retained. 

In some of the spectra bands of unresolved light occur ; these, in the Plates, are crossed 
with lines that they may be distinguished from gi’oups of fine lines. 
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III. Account of Magnetic Observaiiom tnade in the years 1858-61 inclume, In British 
Columbia, Washington Territory, and Vancouver Island. By Captain E. W. Haig, 
M.A. Communicated by General Sabine, F.B.S. 

Received November 4, — Read November 2Q, 1863, 

In 1858 a Commission was appointed for the purpose of determining and marking the 
forty-ninth parallel of north latitude from the Pacific to the Eocky Mountains. At the 
suggestion of General Sabine, this Commission w^as provided with a set of portable^ 
magnetic instruments adapted for the determination of the three magnetic elements, 
Dip, Declination, and Total Force. These instruments were similar in kind to those 
whicli had been used on the Magnetic Survey of the United Kingdom. Before delivery 
to the Boundaiy^ Commission they were examined at the Kew Observatory, and several 
constants and tables for facilitating the computations were determined and prepared 
there. 

The method of transporting the instmments from place to place, and indeed every^- 
thing appertaining to the Boundary Commission, was by means of packet mules. Two 
boxes (a very light load for one mule) contained all the magnetic instruments, which 
thi'oughout four years of such rough usage retained then original efficiency. Some of 
the needles became somewhat rusted ; but I can suggest no alteration in the construction 
of such instruments, such as would increase theii* portability. The declinometer w^as, I 
think, unsatisfactory as regarded its capability of determining azimuths of the sun: 
when at an astronomical station, I necessarily had a meridian mark for the transit 
instrument, and I referred the direction of the magnet to such meridian. 

In assembling the results and deducing from them the directions and positions of the 
lines of equal dip, force, and decHnation, no notice has been taken of secular change. 
The only station at which we have data for judging of the extent of secular change is 
Fort Vancouver on the Columbia Eiver. As regards dip, we find there 

1830. Dip 69 39 '7 Douglas. 

1839. Dip 69 22-2 Sir E. Belcher. 

1860. Dip 69 17 '4 Present observations. 

These figures show an annual diminution of dip of less than per annum. Tiie mean 
results of the present observations may be assumed to belong to the year 1860. The 
method of assembling the results and determining from them the position and direction 
of the lines of equal dip, force, and declination, is the same as that adopted in the 
Sun^ey of the United Kingdom. 
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It consists in referring all the results to the point of mean longitude and latitude 
among all the stations, and assuming the differences of longitude and latitude expressed 
in geographical miles to be plane rectangular coordinates of distance from the origin. 
It is also assumed that the three magnetic elements vary uniformly over the whole 
district surveyed. 

Dip. 

Table I. gives the individual results at each station, as well as the partial results from 
the needle when magnetized in opposite directions. Table IL shows the mean results, 
along with the most probable dip at each station computed by the method of minimum 
squares. By the method of minimum squares the variation of dip for one mile of 
longitude a; = + O'* 2 72, and the variation for one mile of latitude J from 

these values we get u=.l(f 42' for the angle which an isoclinal line makes with the 

%eridian measured from the north round by west, and - or =1*216 mile for 

the distance between isoclinals whose difference of dip is 1'. Column 5 contains the 
most probable dip at each station (^), obtained from equations 6’z=zS^-\-ax-^hy. Tiie 
probable error of the computed dip at each station is nearly equal to +5'. 

Intensity of the Magnetic Force. 

The stations where these observations were made are the same as the dip stations. 
At ten of them obsenutions of deflection and Aibration for the horizontal component 
were made with the unifilar, and observations by Lloyd’s statical method for variation of 
the total force ; at the remaining eleven stations the statical method only was employed. 

Observations at the first ten stations furnish values of the constant log A, of which a 
mean value might be adopted for use at the other eleven ; but from an examination of 
these values of log A, it appears that those belonging to 1861 are generally larger than 
preceding values, owing, I believe, to the weighted needle having become rusted. I 
have therefore adopted the mean of all values of log A previous to 1861 for statical 
observations up to that period, and the mean of those in 1861 for observations in that 
year. The first value is log A=0‘91931, and that for 1861 is log A=0*92032, 

Table III. show's the unifilar obser\'ations, and the values of X, the horizontal com- 
ponent of the magnetic intensity, derived from them. Column 12 of this Table con- 
tains the dips at the several stations, and column 13 the total force (p=Xsec^. 

Panama, the first station in this Table, is not included in the general assemblage of 
results in Table IV., its distance from the other stations being too great. Table IV. 
shows the combination of all observations for force to determine the direction and 
distance apart of the isodynamic lines. Column 3 in this Table corresponds to column 
13 in Table III. We find (x) the variation in total force for one mile of longitude 

= -1-0*000925, and (y) the variation for one mile of latitude =-[-0*000896; ~ the 
distance between the isodynamic lines a unit of force apart=776*6 miles, or for a tenth 
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part of a unit = 77*66 miles ; the angle which isodynamic lines make with the meridian 
measured firom the north round by west, is 44° 6'. Column 11 of Table IV. contains 
the most probable value of the total force at each station, and the probable error of 
one such value is +0*044. 

Declination. 

Table V. is similar in character to Tables II. and IV. ; by it we find {x) the increase 
of declination for one mile of longitude = +0'*230, and {y) the increase of declination for 

one mile of latitude = +0'*423 ; ^ the distance between lines of equal variation 1' apart 

=2*0756 miles; therefore, for 1° of difierence in the declination, the distance is 124*54 
miles ; the angle which lines of equal declination make with the meridian measured 
from the north round by west, is 61*^ 27'. The most probable declinations are shown in 
column 5 of Table V., and the probable error of one such result is +27'. 

The results contained in Tables II., IV. and V. are represented graphicaly in 
Plate III., which exhibits a map of the country surveyed, with the lines of equal incli- 
nation, declination, and intensity drawn upon it. 


Table I. — Dip. 


1. 

S 2. 

3. 

4. 

5. 

6. 

5^* 

Date. 

Needle. 

Station. 

Poles direct. 

Poles 

reTer.<ied. 

Dip. 

Mean dip. 

1858. August 19 ... 

1 

Esquimalt 

7i 18-91 

71 42-06 

71 30-5 

1 

1859. March 

18 ... 

4 


71 31-55 

71 42 78 

71 37-2 

1 71 34-2 

1 1860, March 22 ... 

1 


71 2300 

71 46-20 

71 34 9 

j 

1858. Oct. 

4 .. 

1 

Sunrass Prairie 

72 12-08 

72 29-15 

72 20-6 



5 ... 

4 


72 16-66 

72 29-88 

72 23-3 


1859. Jan. 

31 ... 

4 

Nisquiillv 

70 29-62 

70 49-56 

70 40-0 


July 

4 . 

1 

Schweltza Lake 

71 57-31 

72 1368 

72 05-8 



5 .. 

1 

Chilukwcruk Lake 

71 5044 

72 13-25 

72 01-9 


Sept. 

7 ... 

1 

72 19-60 

72 42 40 

72 31-0 


1860. May 

3 ... 

1 

Fort Vancouver. W. T 

69 02-83 

69 31-88 

69 17-4 



21 . 

1 

Dalles, W. T., S-niile camp ... 

69 29 90 

69 53-80 

69 41-8 

I 

June 

1 .. 

1 

„ 8-mile camp. .. 

69 55-12 

70 13-66 

70 04-5 


July 

9 . . 

4 

On A«hlno]ou River 

72 29 09 

72 44 79 

72 36-9 


j August 18 .. 

1 

Ashtiiolou Station . i 

72 16-80 

72 37-20 

72 27-0 


Nor. 

13 . . 

4 

Iiishwointnm . 

72 34 75 

73 02-90 

72 48-8 


1861. March 26 ... 

4 

Fort Colville 

72 51-81 

73 33 93 

72 42-9 

1 

April 

2 ... 

4 

„ 

72 44-60 

72 56-50 

72 50-6 

1 72 41-9 


12 ... 

4 

-7 

72 32-40 

72 44-70 i 

72 38-5 


23 ... 

4 


72 34 20 

72 36-70 

72 35 -5 

J 

May 

19 ... 

1 

1 Chemikane River ... 

71 45-40 

72 24-60 

72 04 2 



31 ... 

4 

Sinyakwaleen 

72 29-60 

72 42-00 

72 35-8 

j 72 34-9 


31 ... 

1 

Pack River 

72 17-31 

72 50-61 

72 34-0 

June 

19 .. 

1 

72 31-62 

72 59-44 

72 45-5 



23 ... 

1 

Chelemta .. 

72 54-56 

73 21-50 

73 08 0 


July 

6 ... 

1 

South Cro«sing (Kootenay) 

72 37-50 

72 59-00 

72 48-1 



12 ... 

t 1 

On Kootenay River 

72 57-31 

73 1706 

73 07-2 


August 19 ... 

1 

Tobacco Plains (Kootenay) 

73 16-06 

73 29-44 

73 22-9 



14 .. 

1 

Wigwam River Station 

73 27-06 

73 34-62 

73 31 0 



2 ... 

1 

Akamina Stetion 

73 34-12 

73 51-31 

73 42-7 



MDCOILXIV. 


z 
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Table II. — ^Dip. 


1. 

2. 

3. 

4. 

5. 

station. 

W. Longitude. 

N. Latitude. 

A. 

Observed dip. 
0, 

Computed dip. 
B’. 

Esquimalt 

123 

27 

4§ 

26 

7 ! 

34 

71 

30 

Suniass Prairie 

122 

12 

49 

01 

72 

22 

72 

11 

Nisquaily 

122 

25 

47 

07 

70 

40 

70 

39 

Schweltza Lake Station 

122 

00 

49 

02 

72 

04 

72 

14 


121 

23 

49 

02 

72 

31 

72 

21 

Fort Vancouver 

122 

28 

45 

38 

69 

17 

69 

28 

Dalles, S-mile camp 

120 

49 

45 

35 

69 

42 

69 

45 

Dalles. 8-mile camp 

120 

49 

45 

40 

70 

05 

69 

49 

On Asbtnolou River 

120 

00 

49 

10 

72 

37 

72 

42 

Asbtnolou Station 

120 

00 

49 

00 

72 

27 

72 

34 

Inshivointum Station 

118 

28 

49 

00 

72 

49 

72 

50 

Colville B. B. C. Barracks Station ... 

118 

05 

48 

40 

72 

42 

72 

39 

Chemikaue River 

117 

45 

48 

00 

72 

04 

72 

12 

Sinyakwateen 

116 

44 

48 

09 

72 

35 

72 

30 

Pack River 

116 

28 

48 

22 

72 

46 

72 

43 

Cbelemta 

116 

19 

48 

41 

73 

08 

72 

59 

South Crossing (Kootenay) 

On Kootenay River 

115 

21 

48 

22 

72 

48 

72 

55 

115 

17 

48 

40 

73 

07 

73 

09 

Tobacco Plains (Kootenay) 

115 

08 

48 

57 

73 

23 

73 

24 

Wigwam River Station 

114 

45 

49 

00 

73 

31 

73 

30 

Akamina Station 

114 

04 

49 

01 

73 

43 

73 

38 


393 57 

172 33 

45 55 


, Xj , and ©1 respectively 

118 45 

48 13 

72 11 



Probable error of a single observation =+4’93*. 


* This of course includes the effects of local irregularities in terrestrial magnetism as well as actual errors 
observation. A similar remark applies to Tables IV. and V. 




Table III. — Intensity of the Magnetic Force. 

Observations with the Unihlar Magnetometer. Vibrations and Deflections. 
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Esquimalt, V. I 
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Fort Colville 

Sinyakwatoen 

Pack River 

Chelemta River 

South Cro9sing(Kootenay) 
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1 

A 

1858. April 29 
30 
30 

May 1 
2 
3 

Oct. 13 
21 
21 

Nor. 1 
10 

1869. Jan. 24 
24 

March 21 
21 
22 

1 860. May 3 

8 

Aug, 17 

1861. April 18 

23 

23 

May 31 
June 19 
23 

July 6 
16 
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Table IV. — Total Force. 


f by 

unifilar. 


% <p- 


log. 




log A. 


Mean 
log A. 


logf 


Statical Adopted 
f j f* 


1859-60 Esqijimalt 

1858 Siimass Prairie 

1859 Xisquaiiv 
do. Schweltza lAke Station . . 
do. Cliilukweyuk lake 

1860 Fort VancouTer 

do. iDailes, 3-inile oamp 

do. iDallra, 8-inile camp 

do. jOn A^litnolou River 

do. j.ihlitnoloa Station , 

do. ilushwointiini Station 

1861 ;ColriUe B. B C. Barracks 

do. ‘Chemikane River j 

do. iSinyakwateen | 

do. j Pack River i 

do. jChelemta ' 

do. |SouthCrossuig(Ivootenay)| 

do .On Kootenay River .. .j 

do. I'Tobacco Plain-?}' Kootenay) 

do. .Wigvvaui River Station . . . | 

do. jAkamina Station i 


131097 

133727 


Ml 759 
1 12622 


M2386 

,l-i’2788 


•4015 

■3881 

‘4816 

4384 


1 12725 
1 12672 
1 12974 
I 12835 


0-19781 
0-20647 
0-19848 
020406 
0*20062 
0- 1 961 4 
019964 
0 19472 
020210 
0 20589 
020364 
0 20584 
020493 
0 20471 
0-20660 
0-20863 
020779 
0-20816 
0-20927 
0-21029 
0-21281 


10-91978 I0-91931 
10-91975 0*91931 

i b-9l93l 

.... 10 91931 
.. ^0-91931 
jO-9l97o ;0 91931 
.... '0*91931 
... :0-91931 

i t>-91931 

0*91797 0-91931 

i o-gioai 

iO-92204 0-92032 

0‘y2tk42 

0-9-2254 0-920;12 
iO-92012 0-92(©2 
;0'92111 0-92032 
iO-92056 0-92032 

0-92032 

I .0 92032 

.0-91956 0-920;i2 
1 jo 92032 


11712113 0955' 
!M25;8;13-3591 
1-11779 ;i3 1158 
:i 12337 tl3-2853 
1 11993;13*1803 
1-11545 13 0451 
:i -118951 13-1506 
!m 1403 130026 
;1 12141 113-2255 
1-12520,13-3412 
'M2295 ,13-2724 
I 12616,13-3709 
M2525 '133428 
1-12503 13 3361 
il l2692 13-3944 : 
1-12895 13-4570 
M28II 13-4309 
I 1*2848 13-4425 
;M2959 13 4769 
1-13061 13-5085 
1-13313,13-58721 


13-103 
13 366 
13-116 
13-285 
13-180 
13 052 
13151 
13 003 
13-226 
13-321 
13272 
13*397 
13343 
13-370 
13 391 
13 469 
13-4;i5 
13-443 
13-477 
13 497 
13-587 


13148 
13-226 
13-111 
13-234 
1 13*237 
,13-026 
i 13*087 
113-091 
jl3-3l3 
13306 
13-361 
|l3-357 
13*334 
13-238 
,13-401 
13-423 
13-443 
13-460 
13-481 
, 13-496 
13-522 


6484 
^>1 = 13-309 

Probable error of a single observation =+0*044 


Table Y. — Decimation. 



2. 

1 3. 

4. 

5. 

t 

i Station. 

1 

W. Longitude. | K. Latitude. 
fi. i X 

Declination. 

t. 

t-'. 


123 27 

122 12 

122 25 

122 00 

122 28 

120 49 

120 00 

120 00 

120 00 

119 24 

118 28 

118 05 

117 45 

116 44 

116 28 

110 19 

115 21 

115 17 

114 45 

114 04 

d 26 

49 01 

47 07 

49 02 

45 38 

45 35 

49 10 

49 07 

49 00 

49 00 

49 00 

48 40 

48 00 

48 09 

48 22 

48 41 

48 22 

48 40 

49 00 

49 01 

2? 58 

21 30 

21 23 

21 37 

20 05 

20 37 

22 10 

21 50 

22 44 

22 14 

20 17 

, 21 40 

i 21 28 

‘ 21 16 

22 51 

22 11 

22 16 

23 24 

23 52 

23 12 

21 20 

21 42 

20 51 

21 44 

20 13 

20 27 

22 06 

22 04 

22 12 

22 07 

1 22 15 

22 11 

21 57 

1 22 10 

1 22 19 

22 27 

22 28 

22 36 

22 50 

22 56 

Smnass Prairie 

Kisquallv 

Scb-weltza Lake 

Fort Vancouver 

Dalles, 3-tnile camp 

On Ashtnolou Rh er 

On Ashtnolou River 

Ashtnolou Station 

Osoyoos Station 

Inshwointum 

Colville B. B. C. Barracks 

Chemikane River 

Sinvakwateen 

Pack River 

Cbelemta 

South Crossing (Kootenay) 

On Kootenay River 

Wiffwam Station 

Akamina Station 


376 01 

167 01 

38 35 



118 48 

48 21 

21 56 


Dalles, 8-miie camp 

120 49 

45 40 

18 44 

Rejected. 


Probable error of a angle mult = +27'W. 
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IV. On the Influence of Temperature on the Electric Conducting-Power of Allo)/s. By 
Augustus Matthiessen, Lecturer on Chemistry in St. Mary's Bospital, and 

Caul Vogt, Ph.B. 


Received June 11, — R^ad June 18, 1863. 


The influence of temperature on the electric conducting-power of the pure metals in a 
solid state has been proved to be very great*, and as very little is as yet known with 
regard to the influence of temperature on the electric conducting-power of alloys, we 
undertook this reseai'ch in order, if possible, to discover the law which regulates this 
property. 

For the sake of clearness, we have thought it advisable to divide this subject into four 
parts, and they will be treated of in the following order : — 

1. Experiments on the influence of temperature on the electric conducting-power of 
alloys composed of two metals. 

2. Experiments on the influence of temperature on the electric conducting-power of 
some alloys composed of three metals. 

3. On a method by which the conducting-power of a pure metal may be deduced 
from that of the impure one. 

4. Miscellaneous and general remarks. 

I. Experiments on the Influence of Temperature rni the Electric Conducting-power of Alloys 

composed of txco Metals. 

It will be as well to mention that, from the few experiments already published on the 
influence of temperature on the conducting-power of alloys, we had at the commence- 
ment of the research some idea of the law which regulates this property, and having 
found after a few experiments our supposition confirmed, we were able to shape the 
course we intended to pursue, in such a manner as to curtail the number of alloys to 
be experimented with. Thus, with the alloys made of the metals lead, tin, cadmium, 
and zinc with one another, instead of using the aUoys 

PbgSn, Pb 4 Sn, Pb.,Sn, PbSn, PbSn,, PbSn^, PbSng, 
and testing in the same manner the tin-cadmium, tin-zinc, cadmium-zinc alloys, we only 
used the following, 

SugPb, Sn 4 Cd, SngZn, PbSn, ZnCda, SnCd^, CdPbg, 
thus forming a mixed but complete series. Other groups of alloys have been treated in 

* Philosophical Transactions, 1862, p. 1. 
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a similar manner. The reason for grouping alloys made of different metals under 
different heads has already been elsewhere discussed*. It has also been only considered 
necessary to experiment on one wire of each alloy, as the results obtained agree, in most 
c^s, Tery closely with those calculated, and as it has been proved by a few determina- 
tions, which are given in Table I., that the same values were obtained for the percent- 
age decrement in the conducting-power of the alloy between 0° and 100^, when series of 
determinations were made with two wires of the same alloy. 

Table I. 


Alloy. 

Volumes per cent. 

Percentage decre- 
ment observed be- 
tween (/"and lOU" 

Eemarks. 

GoJd'Cwpper (hard drawn) .. 
Gold-copper (hard drawn) 
Gold-silver t (hard drawn)... 
Gold-silver (hard drawn) ... 

Gdd^ver (annealed) 

Gold-silver (annealed) 

Gold-silver (annealed) 

Gold-silver (annesded) i 

Gold-sSlver (annealed) j 

Tin-cadmium i 

98-63 of Au 
98*38 „ 

52*08 „ 

52 08 „ 

52-08 „ 

52-08 .. 

52-08 „ 

79-86 

79 86 .. 

23-50 of Sn 
23-50 „ 

21-87 

21 -75 

6-50 y 

6*48 

6*72 

6-70 

6-71 

mis 

10*21 

28- 89 

29- 08 

Series made with wires of different 
specimens of the alloy. 

Two series of determinations made 
with the same wire. 

Series made with different wires of 
the same specimen of the alloy. 

Tm-cadmium 


The method and apparatus employed for the determination of the conducting-power 
at different temperatures was the same as that described and used for the experiments 
on the pure metalsf. We have, however, in many cases only taken observations at 
three intervals, as we found that almost the same formula was deduced from observations 
made at three different temperatures as firom seven, especially when the temperature of 
the second observation was the mean of the other two ; now as three or more obsenu- 
tions were made at each intenul, it was easy to obtain the wished-for temperature as 
the mean of several determinations. Thus the formulae deduced for correction of con- 
ducting-power for temperature of the alloy Cd Pb^ were^ — 

From seven observations , . . X=9-287~-0-03250U-f 0*00006743f. 

From three observations , . . X=9*286-— 0'032450^4-0*00006683^^. 

Again, those deduced for the alloy Sug Zn were — 

From seven observations . . . X==16*876— 0*065544f-f 0'0001471f, 

From three observations , . . >.=16*899—0'065790^-|“0*0001464f, 

where X represents the conducting-power at f C. 

We have here taken, as in former papers, the conducting-power of a hard-drawn 
silver wire at 0°=100 as defining our unit. The normal wires were made of german 
silver, the resistances of which were determined by comparing them with the gold-silver 
alloy J, the conducting-power of a hard-drawn wire of which is equal to 16*03 at 0"^. 

* Philosophical Transactions, 1860, p, 162. t Ibid. 1862, p, 1. 

t Philosophical Magazine for Febraary 1861. 
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Table II. contains the conducting-powers, specific gravities, and equivalents of the 
metals used for making the alloys. These values are those which have been used in 
calculating the results given in this paper. 


Table II. 


Hetal. 


ducting-power 

at(r. 

Specific gravity. 

Equiralci 

100-00 

10*468 

108*0 

108*57 ] 



9995 

8*950 

31*7 

77*96 

J 9-265 

197*0 

79*33 



29*02 

7*148 

32*6 

23*72 

8*655 

56*0 

18*45 

11*500 


17*99 

' 21*400 


16*81 

7*790 


1311 

8*50 


12*36 

i 7*294 

’58*0 

9*16 

11*900 


8*32 

11*376 

103*7 

1*245 

9*822 

208-0 




Silver /iiarrl drawn) 

Silver (^annealed) 

Copper (liard dravm) ... 

Gold (hard drawn) 

Gold (annealed) 

Zinc ! 

Cadmium 

Palladium (hard drawn) 
Platinum (hard drawn) 
Iron (hard drawn) .... 

Nickel 

Tin 

Thallium 

Lead 

Bismuth 


Tables III., IV., V., and VI. contain the results obtained ndth the alloys belonging 
to the different groups. The alloys marked thus (f) are those which w*ere made and 
used for former experiments; in all cascs, however, &esh wires were made. All the 
rest have been re-made and analyzed. In Table III. the results are given which were 
obtained with some alloys made of those metals which, when alloyed with one another, 
conduct electricity in the ratio of their relative volumes ; in Table V. those with some 
alloys of those metals which, when alloyed uith one another, do not conduct electricity 
in the ratio of their relative volumes, but always in a lower degree than the mean of 
their volumes ; in Table IV. those with some alloys made with the metals belonging to 
the alloys given in Table III. with those in Table V. ; and in Table VI. those wfith some 
alloys w’hose places in the foregoing Tables we have not yet been able to assign. 


Table III. 


tiSnc Pb, containing 16*04 volumes per cent, of lead. 
Length 435*5 miUiins ; diameter 0-793 millim. 
Conducting-power found l^fore „ Eeduced to 0' 

heating tiio wire .... 11*782 at 13*7 12*423 

DitUj fitter 1>ciiig kept at 100“ 

forldar 12 052 81 93 12*494 

Ditto, for 2 davs 12*088 at 9*1 12*522 


T. 

Conducting-power. 


Observed. 

Calculated. 


i6*03 

12*043 

1203.3 

4-0*610 

24*56 ! 

11-371 

11*381 

-6010 

39*27 

10*760 

10*768 

-0*008 

55*00 

10*168 

10*165 

4-0003 

1 67-73 

9720 1 

9716 

4-0*004 

84-93 

9*175 ! 

9*165 

1 4-0*010 

1 98*87 

8*757 1 

8*766 

: -0*009 


\=12*5i0-0U48dl9if4-0*0001O87i'2. 


tSn^Cd, containing 83*10 volumes per cent, of tin. 
Length 285 miUims. ; diameter 0*417 millim. 
Conducting-iK)wer found before ^ Bedueed to 0“. 

heating die wire 14*259 at, 6*8 14*668 

Ditto, after being kept at 100“ 

forldav 14*207 at 6 2 14-.569 

Ditto, for 2 days 14*072 at 7*7 14*517 


T. 

Conductmg-pow*er. 

DiSerence 

Observed. 

j Calculated. 

§-72 

13 986 

1 13*985 

-K)001 

25*52 

13*089 

13*092 

1 -0*003 

39-50 

12*419 

! 12*423 

1 -0004 

54*96 

11*770 

; 11*761 

1 ^-0*009 

69*40 

11*218 

1 11*217 

4-0001 

84*02 

10*733 

10*740 

-omr 

98*85 

10*;j33 

, 10-330 1 

4-0*003 


X=]4*487- 0 059047/4- 0*OOOI720r-2. 


On the Infliwsnce of Tempe- 


* These and all similar values were reduced to 0^ as described in the paper 


ratnre on the Electric Conducting-power of the Pure Metals,*^ Philosophical Transactions, 1S02, p. 10. 

2 a2 
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Table HI. (continued). 


•{•SngZn, containing 77*71 volumes per cent, of tin. 
Length 276"5 millims. ; diameter 0*555 millim. 
Condacting-power found before Eediiced to 0^ 

heating the wire 16*289 at l6*9 16*991 

Ditto, after being kept at 1(K)® 

for 1 day 15*862 at 15*1 16*815 

Ditto, for 2 days 16*201 at 10*9 16*899 


T. 

Conducting-power. 

Difference. 

Observed. 

Calculated, 

11*08 

16*188 

16*168 

-1-0*020 

24*42 

15*339 

15*363 

-0024 

39*27 

14*516 

14*529 

-0*013 

54*23 

]3 759 

13*754 

-j-0*005 

69*40 

13*055 

13*037 

-1-0018 

84*11 

12*414 

12*404 

-f 0*010 

96*65 

11*899 

11*915 

-0*016 


X = 16-876 - 0*065544f-h00001471f^. 


4. 

fPbSn, containing 53*41 volumes per cent, of lead. 
Length .‘159 millims . ; diameter 0*844 millim.* 


T. 

Conducting-power. 

Difference. 

Otraerved. 

Calculated. 

9*12 

10073 

10071 

-f0 002 

24*45 i 

9*510 

9*511 

-0*001 

39*73 

8*992 

8*995 

-0*003 

55*26 

8 509 

8-512 

-0*003 

69*61 

8*108 

8103 

.fOOOo 

84*36 

7-724 

7-721 

-f 0*003 

98 73 

7*382 

7-385 

-0*003 


X=l()*423 -0039433f-f 0*00008775^^. 


Table III. (continued). 

6 . 


•j-Sn Cd^. containing 23*50 volumes per cent, of tin. 
Length 512*6 millims. ; diameter 0*670 millim. 


T. 

Conducting-power. 

Difference. 

Observed. 

Calculated. 

1257 

21*096 

21*086 

-pooio 

25*55 

20*068 

20*084 

-0016 

40 20 

19*033 

19*037 

-0-004 

54*30 

18*127 

18*113 

-1-0-014 

69 33 

17*219 

17-220 

-0*001 

80.96 

16 589 

16*594 

-0*005 

91*30 

16*086 

16*084 

-f 0*002 


X=22123 - 0085 1 59?*+0*0002082.^-'. 


7. 


fCdPbg, containing 10*57 
Length 224 millims. ; 
Conducting-pnwer found before 

heating the wire 

Ditto, aller being kept at 100° 

for 1 d.'iy- . 

Ditto, for 2 days 

Ditto, for 3 days 


vols. per cent, of cadmium, 
diameter 0*644 mitlim. 

Ri'duced to 0°, 
9 068 at 6*1 9*264 

9*490 at 2*5 .'>-574 

9*039 at 7*7 9-2H5 

8*964 at 10 1 9 285 


T. 

Cotiducting-powcr. 

Diffcrcnco. 

Observed. 

Calctilated. 

1150 

8*922 

8*9-22 

0*000 

25-03 

8*516 

8*.516 

0*000 

40*35 

8083 

8*085 

-0W2 

54*75 

7*710 

7*710 

0*000 

70 00 

7-342 

7*342 

0*000 

85*55 

7*001 

7-000 1 

-j-OlKtl 

98*57 

6*737 

6*738 j 

-0*001 


X= 9*287 - 0032501 ;‘+OOOOt)6743f‘. 


Table IV. 


5. 

fZn Cd2, containing 26*06 volumes per cent, of zinc. 
Length 577 millims. ; diameter 0 629 milhm. 
Conducting- power found before Reduced to 0*. 

heating the wire 24*774 at 11*1 25*834 

Ditto, after being kept at 100° 

for 1 day 25*101 at 10*1 26077 

Ditto, for 2 days 24*916 at 10*5 25*924 


1 . 

tPb2(, Ag, containing 94*64 volumes per cent, of lead. 


Length 372 milhins. ; diameter 0*704 millim. 


Conducting-power found before 
heating the wire . 

Ditto, after being kept at 1 00" 

for 1 day 

Ditto, for 2 days 

Ditto, for 3 days 

Ditto, for 4 days 


„ Reducetl to 0" 
8-508 at 13-7 8 OHS 

8-578 at 15*2 9*060 

8*640 at 14*3 9 096 

8*731 at 15*7 9**238 

8*760 at 14*7 9-23r> 


T. 

Conducting-power. 

Difference. 

Observed. 

Calculated. 

11*60 

24*817 

24*796 

+0*021 

24*28 

23*600 

23*647 

-0 047 

39-86 

22*3-2-2 

22*324 

-0(K)2 

5400 

21232 

21*215 

+0*017 

68-90 

20164 

20*133 

+0*031 

83*41 

19*167 

19*168 

-0*001 

98-23 

18*255 

18-272 

-0017 


X=25*906 -0 098065f-f 0*0002072)!*^. 


T. 

Conducting- iwwer. 

Difference. 

Observed. 

Calculated. 



10 47 

8*900 

8*901 

-0*001 

2493 

8*459 

8*455 

+0*004 

3970 

8 026 

8*031 

-0*005 

55*03 

7*625 

7*625 

0-000 

70*26 

7*256 

7*256 

0000 

85*16 

6*933 

6*927 

+0*006 

98 47 

6-658 

6*662 

-0 004 


X 9*244- 0*033467^-f0*00007360f^. 


* The reason -why here and in some cases in the following Tables no determinations of the effect of heating 
the we on its conducting-power are given, is that the wire unfortunately, from some cause or another, became 
unsoldered after it had been heated to 100° for one or more dap. 
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Table IV. (continued). 

g. 

f Pb Ag, containing 46*90 volumes per cent, of lead. 
Length 267 millims. ; diameter 0-584 millim. 
Conducting-power found before „ Reduced to 0°. 

heating the wire 13*009 at 14*9 13'391 

Ditto, after being kept at 100"* 

for 1 day 13 072 at 15-9 13-482 

Ditto, for 2 days 13-087 at 15 1 13-477 


T. 

Conducting-power. 

Difference. 

Observed. 

Calculated. 

1410 

18-099 

13-100 

-O-OOl 

24-70 

12-841 

12-837 

+0-004 

39-88 

12-478 

12-477 

+0-(»01 

54-61 

12-141 

12-146 

-0-005 

70-05 

11-818 

11-H18 

04)00 

83-88 

11-546 

11-542 

+0-004 

99-37 

11-250 

11-251 

-0-001 


\=: 13-464 -0-264*24!‘-i-0 t)0004174!t^ 


3. 

Pb Agg, containing §0*64 volumes per cent, of lead. 
Length 373 nnlhms. ; diameter 0-634 millim. 
Conducting-power found after Reduced to (P. 

heating the wire for 2 days . 21 -186 at 16-1 21-874 

Ditto, for 3 days 21 160 at 16-5 21-863 


T. 

Conducling-pow er 

DifTerenoe. 

Obsem'd j Calculated. 

1.5-82 

24-96 

39-48 

5417 

69-78 

84-27 

100-00 

2+191 21-190 

20 811 20-813 i 

20-236 20-232 ! 

19 669 19-669 | 

19 089 19098 

18-602 1 18 393 

18-069 18071 

+0001 

-0-002 

+0-004 

0000 

-0-009 

+0-009 

-0-002 


X=21 866 - 0-043636;' +0-00003686!’-. 


4. 

fSiijg Au, containing 90*33 volumes per cent, of tin. 

Conducting-power found before ^ Reduced to OL 

heating the wire ..... .. 7-9495 at 11 8 8-2418 

Ditto, after being kept at IW’ 
fw 1 day 7+479 at 13 0 8-2702 


T. 

Conducting-power. 

14-0 

7-9224 

57-0 * 

6-9935 

100*0 i 

6*2676 


X =8-2687 - 0-025501^+0 00005490;;^. 


Table IV. (continued). 

5. 

fSng Au, containing 79*54 volumes per cent, of tin. 
Length 222 millims. ; diameter 0-599 millim. 
Conducting-power found before Reduced to 0®. 

heating the wire 4 8386 at l4'3 t 5-0427 

Ditto, after being kept at 100° 

for 1 day 4-8432 at 14-6 5-0518 

Ditto, for 2 days 4-8741 at 13 0 5 0608 


T. 

Conducting-power 

140 

4-8593 

570 

4-3212 

100-0 

3-9009 


X=5-0599 - 0014776#+0-00003186;‘2. 


6 . 

Tin-copper alioj*, cont-aining 93*57 volumes per cent, 
of tin. 

Length 274-5 milbras ; diameter 0-667 millim. 
Conducting-power found before Reduced to 0°. 

heating the wire 11-264 at 18-1 12 034 

Ditto, after being kept at 100° 

fori day.. '' 11-498 at 16-9 12-231 

Ditto, for 2 d.'ivs 11 -445 at 1 8 3 12 257 

Ditto, for 3 dap 11-549 at 16-3 12 259 

Ditto, for 4 days 11-571 at 16 3 12-282 

Ditto, for 5 days 11-558 at 17-1 12-304 


T. 

Conducting-power. 

DiSerence. 

Observed, j 

1 Calculated. 

15.58 

1+622 

i 1+618 

+0-004 

24-70 

1+242 

11242 

OO'M 

38-91 

10-679 

10-688 ■ 

-0-009 ; 

54 96 

10-109 

10 111 

-0002 ! 

70-29 

9-615 

9-609 

+0-006 ! 

85-68 

1 9-160 1 

9152 

+-0-008 1 

99-40 

j 8-777 ! 

8-784 

-0-007 j 


X = 12-299 - 0-045304t+ 0 00009997t-’. 


7. 

Tin-copper alloy, containing 83*60 volumes per cent, 
of tin. 

Length 201 millims ; diameter 0-581 milhm. 
Coudtieling-powerlound before ^ Reduced to 0°. 

beating the wire . . 121 19 at 15 7 12-764 

Ditto, after being kept at 100° 

Ibrldav .. . . 12-264 at 15-3 12 900 

Ditto, for 2 days 12 389 at 15-3 13-031 

Ditto, for 3 daV# 12 420 at 14-7 13-038 

Ditto, for 4 daVs 12-384 at 15-7 13-043 


j ... . 

Conducling-power. 

Difference. 

Observed 

Calculated 

• 8-27 

12 688 

12-689 

-0-001 

25-28 

12 009 

12-002 

+0-007 

39*43 

11-460 

1+470 

-0-010 

5431 

10-943 

10-949 

-0 006 

70*13 

10-444 

10-437 

-^0-007 

84*18 

10032 

1 10-022 

+0-010 

99 28 

9-607 

9 614 

-0 007 


X=13-C42- 0 043382)'+0-00008924+ 
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Table IV. (continued), 

si 

Tin-copi^r alloy, contwmng 14*91 vols. per cent of tin. 

141 xmlMsas. ; diaia^r 0*591 milliin. 
Ckaidiiciiii^'Power found before „ Eeduced to 0“. 

beating the wire S'7481 at IS‘5 8'8^3 

Ditto, after being kept at 100° 

fori day 8*8372 at 16-5 8*9170 

Ditto, for 2 days.... 8*8451 at 17*8 8*9288 

Ditto, for 3 days 8-8441 at 17*0 8*9264 


1 Conducting-power. j 

1 

j Observed. 

Calculated. 


16-.i8 i 8*8565 

8*8560 

-j-0*0005 1 

34*85 i 8*7687 

8*7692 

-0-0005 i 

56*33 8-6684 

8*6693 

-0*0009 i 

77*40 8*5753 

8*5737 

-foooie i 

99*48 8*4754 

8 4760 

-0*0006 i 


X = 8*9364 - 0*0048890f-i-U*000002626iP. 


9 . 

Tin-copper alloy, containing 12*35 vols. per cent, of tin. 

Ijength 429 milliins. , diameter 0*627 millim. 
Conducting-powerfoundbefore , Eeduced to 0°. 

heating the wire 10 037 at 1 7*9 10*154 


Ditto, after being kept at 100° 

for 1 day 10*076 at 18*2 

Ditto, for 2 days 10*084 at 17*2 

Ditto, for 3 dap 10*084 at 16*6 

10*196 

10*197 

10*193 

i 

[ Conducting-power. 


i iVo 

10*1386 


55*5 

9*8710 


j 1000 j 

9*6526 



X = 10-212-0*0068043f+000001210!‘*'. 


10 . 


Tin-copper alloy, containing 11*61 vols. per cent, of tin. 
Length 322*5 nullims. ; diameter 0*524 millim. 


Conducting-power found before 


Seduced to 

Ditto, after being 
for 1 day .. .. 
Ditto, for 2 days . 
Ditto, for 3 days.. 

kept at 100° 

12*069 at 11 *5 
12 083 at 12*5 
12*070 at 14*3 

12*165 

12*188 

12*190 

T. 

Conducting-power. 

Observed, i Calculated. 

DiSerezu^. 

i 15*43 

12*058 

12*057 

-f 0*001 

i 23*40 

11*990 

11*991 

-0*001 

1 40*35 

11*852 

11*853 

-0*001 

54*75 

11*737 

11*736 

-po-ooi 

69*78 

11*619 

11*617 

-f 0*002 

, 84*66 

11*499 

11*500 

-0*001 

i 98*70 ; 

11*391 

11*391 

0*000 


X = 12*186 - 0*008468if4-0*000003700^^. 


Table IV. (continued). 

21 . 

Tin-copper alloy, containing 6*02 rofe. cent of tan. 

lisagth 216 Tnilli-ms ; diameter 0*456 nuEhn. 
Condot^i^-power found before ^ EedaeedtoU’. 

heating the wire 19*382 15*1 19^182 

Ditto, after being kept at 100“ 

for 1 day 19*5 17 at 15*5 19*819 

Ditto, for 2 days 19*496 at 16*4 19^16 



Conducb’ng-povm*. 



Obs^ved. 

Calcnlated. 


1^23 

19*484 

19-484 

0*000 

24*03 

19 355 

19*354 

! 4-0*001 

4003 

194)50 

19*052 

-mm 

1 55*47 j 

18*771 

18*769 

4-0*002 

69*70 i 

18*511 

18*513 

-0*002 

i 63*16 

18*279 

18*276 

4-0*003 

1 98*87 i 

18*004 

18*006 

-0002 


A= 19*820- 0*0l9729f-f 0*000013972^. 


Tin-copper alloy, containing 1*41 vol. per cent, of tin. 



Length 599 millims. . 

diameter 0*449 millim. 

Conducting-power found before 

60*10.5 at 

Reduced to 

heating the wire 

62*463 

Ditto, after beiiiK kept at 100° 

• 


for 1 dav 

60*827 at 12*5 

62*881 

Ditto, for 2 davs 

60*687 af 14*1 

63*001 

Ditto, for 3 days 

60*579 at 15*] 

63*055 

Ditto, for 4 days 

60*690 at 14*3 

63*638 


j Conducti 

ig-power. 



; 


Difference. 


! Observed 

Calculated. 



la*53 60-470 

i 60*455 

1 4-0*015 


24*68 5.9*011 

! 59*029 

i -0d»18 


39*03 5H'897 

56*^ 

I -0K)G3 


54*98 54*681 

54*686 

; -0*005 


68*73 52 924 

1 52*906 

1 4-0*018 


84*25 51*036 

i 51*041 

1 -0*005 


1 99*70 49*334 | 

1 49*336 

-0*002 


X = 62*997 -0* 1 6856t-f 0*0003163^^ 


1 13. 

Tin-silver alloy, containing 96*52 vols. per cent, of tin. 

! Lengtii 304 millims. ; diameter 0*478 millim. 

I Conducting-power found before ^ Reduced to 0". 

heating the wire 11*646 aM6'8 12*390 

I Ditto, after being kept at 100° 

fori day II 686 at 16*3 12*433 

Ditto, for 2 days 11 *685 at 1 7*0 12*464 

! Ditto, for 3 days 1 1 668 at 17*6 12*475 



Conducting-power. 



Observed. 

Calculated. 


11-12 

11*983 

11*971 

! 

4-0012 

24*90 

11*353 

11364 

-0011 

3940 

10 751 

10*768 

-0017 

54*60 

10*1,93 

10*189 

' 4-0^004 

69*81 

.9*676 

9*657 

i -f0019 

84*88 

9178 

9*177 

; 4-0*001 

99*68 

8*743 

8*751 

-0*008 


X=12*488 -0*04769lf-i-0*0001023i?'. 
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Tabi^ IV. (contmued). 

14. 

Tiib^ver aUoj^ aontaisiag 7^*51 vole, per cent, of tin. 

Length 273 millims. ; diameter 0*467 millim. 
Conducting-powr found before ^ Eednced to O’. 

heating the wire 12*082 at 17*6 13'866 

Ditto, after b^g kept at 100® 

for I day 13 054 at 171 13-917 

Ditto, for 2 days 13'334afcI6‘S 14-184 

Ditto, for 3 days 13-415 at 15-5 14*217 

Ditto, for 4 days 13-402 at 16-5 14-256 


T. 

Ckmdncting-power. 

Difference. 

ObsOTTed. 

Calculated. 

l!53 

13*651 

13*646 

-h0*005 

2551 

12*955 

12*958 

! -0*003 

40*26 

12-283 

12283 

0 000 • 

53*86 

11*700 

11*708 

-0008 

69*58 

11*099 

11 099 ! 

0000 

84-98 

! 10*572 

10 561 1 

+0*011 

99-48 

10-103 

10*108 

-0*005 


X= 14-250-0*053772/+0-0001219^^. 


15. 

Zinc-copper alloy, containing 42*06 vols. per cent, of zinc. 

Length 296*6 millims. ; diameter 0*516 millim. 
Condueting-powerfoondbefore ^ Eeduoed to 0®. 

heating the mro 21*356 at 14*8 91*793 

Ditto, a&r being kept at 100“ 

for 1 dav 21*701 at 12*9 22*088 

Ditto, for 2 days 21-873 at 13*1 22*269 

Ditto, for 3 days 21*824 at 14-9 22-273 


T. 

Conducting-power. 

Difference. 

Observed. 

Calculated. 

11*72 

21*807 

21*801 

+0*006 

23*75 

21*562 

21*564 

-0*002 

39*28 

21*116 

21*118 

-0*002 

54*38 

20*693 

20*698 

-0*005 

69*31 

20*300 i 

20*297 

+0*003 

84*63 

19*897 

19-898 

-0*001 

99*43 

19*527 j 

19*526 

+0*001 


X = 22-274 - 0*030601 !'-!-0-00{)02980!'- 


16 . 

Zinc-copper alloy, containing 29'45vols. per cent.ofzinc. 

Length 190 millims. ; diameter 0*381 millim. 
Conducting-power found before ^ Beduced to CP. 

heating the wire 21*235 at 17*4 21*708 

Ditto, after being kept at 100® 

fori day 21*424 at 15*9 21*859 

Ditto, for 2 days 21 *597 at 15*9 22*036 

Ditto, for 3 days 21*625 at 15*9 22 065 

Ditto, for 4 days 21*720 at 12*8 22*075 


T. 

Conducting-power. 

Differeure. 

Observed. 

Calculated. 

ll*47 

21*704 

21702 

+0*002 

24*07 

21*413 

21*416 

1 -0003 

39*21 

21020 

21*017 

+0*003 

53*65 

20*647 

20*647 

i 0*000 

69*03 

20*268 

20*269 

1 -0*001 

83*71 

19*915 

19*916 

i -0*001 

98-97 

19*565 1 

19*564 

+0*001 


X=22*076-0*028100!f-}-0*00002745P. 


Table IV. |coiitinued). 

17. 

Zinc-copper alloy, containing 23*61 vote, per cent of zinc. 

length 365 minims. ; diameter 0*379 millim. 
Condncting-power found before Reduced to 0°. 

heating the wire 27 784 at IS O t 28 298 

Ditto, after being kept at 100® 

for 1 day 27754 at 14*9 28-343 

Ditto, fca* 2 days 27 738 at 15*3 28-342 


T. 

Conducting-power. 

Difference. 

Observed. 

Calculated. 

15*97 

27-719 

27 714 

+0*005 

23*80 

27-408 

27*412 

-0*004 

39*28 

26*828 

26 829 

-0*001 

54*82 

26-^9 

26*262 

-0K8» 

68-66 

25-777 

25-772 

+0*005 

83 75 

25*258 

25 256 

+0002 

98-22 

24*774 

24*776 

1 -0«J2 

' 1 


X =28-345-0'0401042-+0*00003839t2. 


18. 

Zinc-copper alloy, containing 1 0*88 vote, per cent, of zinc. 

Length 449 millims. ; diameter 0-448 millim. 
Conducting-power found before „ Eedueed to O'. 

heatup the wire 45*545 at 14-8 46-934 

Ditto, after being kept at 100“ 

fori day....: 45*807 at 14*0 47*128 

Ditto, for 2 dav^ 45 896 at 14*6 47*276 

Ditto, for 8 days 45*971 at 13-7 47*268 


i T. 

Conducting-power. 

Difference. 

Observed. 

Calculated. 

ll*33 

45-912 

45*912 

0*000 

23*71 

45-059 

45-056 

1 +0*003 1 

39-80 

43*638 

43-648 

, -0*010 1 

5433 

42 442 

42-440 

+0-002 i 

6948 

41-246 

41*245 

i +0-001 i 

84 38 

40-145 

40134 

1 +0011 

9895 

39-100 

39109 

, -0-009 


X =47-267- 0 096627#-|-0000I433P'. 


19. 

Zinc-copper alloy, containing 5*03 vols. per cent, of zinc 
Length 642 millims. ; diameter 0 479 millim. 
Conducting-powerfoundbefore „ Reduced tot* 

heating the wire 58*152 at lo-3 60*376 

Ditto, after being kept at 100^ 

for 1 dav 58-546 at 14*3 60-637 

Ditto, for 2 days 58*665 at 14 0 60*716 

Ditto, for 3 days 58*598 at 14*3 60-691 


T. 

Conducting-power. 

DiiTerence. 

Observed. 

j Calculated, i 

1^17 

58*522 

1 58-494 1 

1+0-028 

23 57 

57*277 

! 57-301 

-0-024 

4003 

! 55*071 

55-<^3 j 

-0-022 

5491 

i 63*211 

53*213 ! 

—0-002 

67*88 1 

1 51-679 j 

51 664 , 

+0-015 

84*15 

49-856 

49-839 : 

+0-017 1 

99*45 

48-228 

48-243 1 

-0*015 j 


X=60-697-0-14995('-fO*0002486?*. 
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Tabi^ V. 

f 

1 . 

Gold-copper sdloy, containing 98*63 volumes per cent 
of gold (hard drawn). 

Length 1121*5 miUiins. ; diameter 0*582 miUim. 
Conducting-power found before Eedaced to if. 

heating the wire 53*694 at 16-8 56 122 

Ditto, after being kept at 100° 

for 1 day 53796 at 16-5 56*184 

Ditto, for 2 days 53*835 at 16*7 56*268 



Conducting-power. 



Observed. 

Calculated. 


15*52 

53*972 

53*980 

-0*008 

2510 

52*676 

52*653 

4-0023 

397i 

50*684 

50*715 

-04)31 

55 66 

48*739 

48*740 

-0*001 

69*83 

1 47*106 

47*092 

4-0*014 

85*00 

} 45*451 

45*443 

-4-0*008 

95*35 

i 43*986 

43*994 

-0 008 


X=56*232-0*14916^-f-0 000*2616f2. 


2 . 

Gold-copper alloy, containing 81*66 volumes per cent 
of gold (hard drawn). 

Length 450 miilims. : diameter 0*501 millim. 
Conducting-power found before ^ Reduced to 0°. 

heating the wire 15*919 at 13*6 16*083 

Ditto, after being kept at 100° 

for 1 dav 1 5 935 at 1 M 1 6*068 

Ditto, for 2 dars 15*895 at 12*2 16*041 

Ditto, for 3 davs 15*894 at 1 1 *0 16 *026 

Ditto, for 4 daVs 15 *887 at 1 1 *4 16*0*24 



X = 160*24 - 001 1997 f-\- 0*00000 129 1 tK 


3. 

Gold-silver alloy, containing 79*86 volumes per cent, 
of gold (hard drawn). 

Length 60.5*7 milhms. ; diameter 0*704 millim. 
Conducting-power found before ^ Reduced to 0°. 

heating the wire 21 *010 at 11*7 21*279 

Ditto, after being kept at 100° 

fori day 21*038 at 10*8 21*286 

Ditto, for '2 days 21*072 at 10*4 21*311 

Ditto, for 3 days 21*066 at 10*2 21*301 


T. 

Conductii 

Observed. 

ig-power. 

Calculated. 

Difference. 

i!*45 

21*013 

21*030 

4-0001 

26 04 

20*698 

20701 

-0*003 

40*04 

20*391 

20 392 

-0*001 

55*26 

20*065 

20*064 

4-0001 

67*73 

19*806 

19*802 

4-0*004 

84*18 

19 463 

19*464 

-0*001 

98*45 

19 175 

19*176 

-0001 


X =21*293 -0 023166!f-h0 00001 691^2. 


Table V. (continued). 

4 . 


Gold-silver alloy, containing 79*86 volume per cent, 
of gold (annealed*). 

Length 596 miilims . ; diameter 0*704 millim. 


T. 

Conducting-power. 

Difference. 

Observed. 

Calculated. 

7*64 

21342 

21341 

4-0*001 

2527 

20*920 

20*924 

-0001 

4071 

20*570 

20572 

-0 002 

54-61 

20*265 

20 264 

-f0*«)l 

70*35 

19*930 

19*928 

4-0*002 

85*25 

19*622 

19 622 

0*tM)0 

99*50 

19*338 

19*339 

-0 001 


X = 21*527-0 024475r-f0*00002500!«. 


5. 

Gold-silver alloy, containing 19*86 volumes per cent, 
of gold (hard drawm). 

Length 161*5 miilims.; diameter 0*351 millim. 
Conducting-power found before „ Reduced to 0' , 

heating the wire 21*835 at 11*7 22*062 

Ditto, after being kept at 100° 

fori day 2l*872atll'8 22*101 

Ditto, for 2 days 21*841 at 12*5 22 083 



Conducting-power. 



Observed. 

Calculated. 


13 02 

21*838 

21*833 

4-0*005 

23*90 

21*620 

21*625 

-0*005 i 

38*03 

21*355 

21359 

-0*004 

54*42 

21*158 

21056 

4-0*002 1 

68*95 

20*795 

20*794 

4-0*001 . 

82*37 

20*5.57 

20*555 

4-0*002 1 

98*15 

20*279 

20*280 

-0*001 j 


X = 22*085 -0*0l9538?'-f 0*(K)G01 1 73f*. 


6 . 

Gold-silver alloy, containing 19*86 volumes per cent, 
of gold (annealed*). 


Length 161*5 miilims ; diameter 0*351 millim. 


T. 

Conducting-power. 

Difference. 

Observed. 

Calculated. 

1495 

21 829 

21-827 

4-0*002 

24*56 

21*637 

21*640 

-0-W3 

4033 

21*335 

21*337 

• -0*002 

55*38 

21*059 

21*055 

4-0«>4 

69*06 

20 806 

20*805 i 

4.0001 

84*48 

20*527 

20*528 

-0*001 

9753 

20*299 

20 300 

-0 001 


X = 22*125 -0*020097(;-f 0*000014 19^2. 


The conducting-power of these wires did not alter after being kept at 100° for one day . 
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Table V. (continued). 

7 . 

G<dd-copper aHoj-, eoBt&ining ld*17 volumes per cent, 
of gold (hard drawn). 

Length £34 miUims. ; diuneter 0'S50 millim. 
Coaduetmg-powerfoundbefoi^ Eedoced to 0'’. 

hi^Qg tli wim 2D"300 at 12 2 20 304 

JJitto, after being kept at KXl® 

for 1 day 20296 at 120 20*517 

Ditto, for 2 days 20-287 at 12-4 20-505 


T. 

Condueting-power. 

Difference. 

Observed. 

Calculated. 

13-40 

20272 

20-278 

-0006 

24 38 

20-088' 

20-088 

0-000 

4001 

19-838 

19-824 

4-0ftl4 

55-03 

19-569 

19573 

— 0-004 

70-11 

19-325 

19-328 

-0-003 

84 98 

19 088 

! 19 092 

-0-004 

99-87 

18-865 

18-861 1 

4-0004 


X=20-513 -0017718i;+0 0009ll70!f2. 


Gold-copper alloy, containing 0*71 volume per cent, 
of gold (hard drawn). 

Length 1049 niilluiis}. ; diameter 0-366 miilim. 


Condueting-powcr found before 

heating the wire . 79 884 at 15-3 

Ditto, after being kept at 100’ 

for 1 day 80-389 at 14-3 

Ditto, for 2 days 80 014 at 15-5 

Ditto, for 3 days 79-844 at 16-6 


Keduoed to O'*. 
84-008 

84-264 
84-200 
84 322 



Condueting-power. 

Difference. 


Observed. 

Calculated. 

if -27 

79-709 

79-670 

-f 0-039 

23 98 

77-952 

77-962 

-0010 

39 55 

74-154 

74-212 

-0058 

54-26 

70-294 

70-9 i3 

-0-019 

69-29 

67-920 

67-879 

-f0 041 

83-86 

65-213 

65-175 

-f0 038 

98-78 

62-645 

€2-677 

-0-032 


\ = 84-322— 0-27999)' -1-0 0006162i;^. 


Platinum-silver alloy, containing 19*65 volumes per 
cent, ol platinum (hard drawn). 

Length 169 miilims. ; diameter 0-518 miilim. 

Condueting-power found before Bedueed to ( 

heating the wir& g-gSgS ^ j §.0 g g 0 g 0 

Ditto, after being kept at 100° 

fori day 6-0616 at 17-9 67008 

Ditto, for 2 days g egs 4 jy.g g ygSl 


T. 

Conducting • po w er . 

§■27 

6-6850 

54-00 

6 5876 

99-90 

6-4957 


X-6 7O32-OO023167d-f-O-(H)OOOI394^>. 
JOXCCCLXIV. 2 


Table V. (<^tinued). 

i». 

Platinum-silver alloy, containing 5*05 volumes per 
cent, of platinum (hard drawn). 

Lengdi 708 millims. : diameter 0-626 miilim. 
Conducting-powerfoundbeforo ^ Seduced to 0®, 

heating the -wire 17-812 at 15-9 18031 

Ditto, after being kept at 100“ 
for 1 day 17-801 at 17-1 ‘ 18-036 


T. j 

Gonducting-power. 

9-0 

17-920 

54-5 1 

17319 

100-0 1 

16-767 


X = 18 045 -0013960i:-1-(H)0001183#“. 

11 . 

Platinum-silver alloy, containing 2*51 volumes per 
cent, of platinum (hard drawn). 

Length 381*5 millims . ; diameter 0-451 miilim. 


T. 

Condueting-power. 

1§0 

31-173 

56 0 

29-5.50 

100-0 

28-068 


X=31-640-0 039363i;-j-0 00003642!f^ 


Palladium-silver alloy, containing 23*28 volumes 
per cent, of palladium (hard drawn). 

Length 520 millims. ; diameter 0-802 miilim. 
Conducting-power found before ^ Reduced to 0“. 

heating the wire 8-4936 at lu O 8-5214 

Ditto, after being kept at 100“ 

for 1 day 8-5147 at 10-0 8 5426 

Ditto, for 2 days 8-5052 at 9-1 8-5305 

Ditto, for 3 days 8-4918 at 8 6 8 5157 

Ditto, for 4 days 8*4868 at 10 0 8-5146 


T. 

Condueting-power. 

li-O 

8-4846 

55 5 

8-3577 

100 0 

8-2256 


X = 8-5I52- 0 0027644?'-0 000001313!;®. 


13. 


Copper-silver alloy, containing 98*35 volumes per cent, 
of copper (hard drawn). 


Length 1198 inilKms. ; diameter 0-572 miilim. 


Conductitig-power found before 
heating the wire , .... 

Ditto, after being kept at 100° 

for ] day 

Ditto, for 2 days 


„ Reduced to 0°. 

86- 674 at 9-5 89 544 

88-210 at 6-5 90-202 

87- 336 at 9 3 SO 165 


T. 

Condueting-power. 

Difference. 

Observed. 

Calculated. 

10-48 

86-919 

86-846 

4-0073 

25-27 

82-583 

82-634 

-0 051 

39-57 

78763 

78-861 

-0-098 

53-96 

75317 

75-361 

-0-044 

6973 

72-007 

71-868 

4-0-139 

85 12 

1 68-875 

! 68-802 

4-0-073 

98-35 

68 348 

66-442 

-0-094 


X= 90-021 - 0-31050#+0-0W7 J 93^®. 


B 










m 


DES.*A. MATTHIESSEN ATO C. TOGT OH THE IHELTJENC® OF ' " 


Table T. ^^ntinued). 

14. 

Copper-silver alloy, (sontaining 95-17 volume per cent, 
of copper {hard drawn). 

I«n^h 9^ milliTna. ; diameter 0-489 milliin. 
Oenductiiig-power found before „ Reduced to 0^. 

heating the wire 78’ 165 at lo-O 82-300 

Ditto, after being kept at 100° 

tori day 78-286 at 14-3 81-981 

Ditto, for 2 days 78-102 at 15 9 82-207 

Ditto, for 3 days 77-666 at 1 7-8 82 245 


T. 

Conducting-p<iwer. 

Difference. 

Oteerved. 

Calculated. 

ll-43 

78-226 

78-219 

-f 0-007 

24-26 

76-066 

76-059 

-pOOOl 

39-16 

72-601 

72'616 

-0-015 

54-62 

69-301 

69 312 

-0-011 

69-48 

66-406 

66-393 

+0-013 

83-53 

63-885 

63-866 

+0-019 

9900 

61-319 

61-343 

-0-014 


X =82-207-0-26r28!'4-0-tH)0571 D-'. 

15. 

Copper-silver alloy, containing 77*64 volumes per cent, 
of copper (hard drawn). 

. Length 623 miliims. ; diameter 0*374 millini. 
Conducting-power found before ^ Reduced to 0°. 

heating the wire 66-807 at 14-0 ^ 69-811 

Ditto, after being kei>f at lOO"" 

for 1 day 66-601 at 17-3 70'158 

Ditto, for 2 days 66-550 at 17-2 70*084 

Ditto, for 3 days 66 707 at 17'0 70*208 

Ditto, for 4 days 66-694 at 17'6 70-319 


T. 

Conducting-power. 

Difference, 

Observed. 

Calculated. 

15-15 

67-155 

67-192 

-0-037 

24-21 

65-433 

65-410 

+0023 

39-48 

62-583 

62-565 

+0-018 

54-90 

59*873 

59-894 

-0-021 

69-48 j 

57-557 

57-556 

+0-001 

84-28 j 

55-375 

55-365 

+0-tKil 

99-90 

53-259 

53-262 

-0003 


X=7O-328-O-21351z;-fO-OO0427D-. 

16 . 

Copper-silver alloy, containing 46-67 volumes per cent, 
of copper (hard drawn). 

Length 1256 miliims, ; diameter 0-437 millim. 

Reduced to 0°, 


Conducting-power foundbefore 

heating the wire 72-036 at 14*2 

Ditto, after being kept at 100° 

fori day 73-170 at 14*6 

Ditto, for 2 days 73*653 at 12*6 


74-940 


76*204 

76-284 


1 T. 

Conducting-po-wer. 

1%0 

73-529 

56-5 

65-449 

100-0 

58-894 


X = 76-240~0-21 375^-i-0-0004030^*. 


Table V. (contiaiied). 

Copper-silver alloy, containing 8*i5 vofames per fsent. 
of copper (hard dmwn). 

Lengtti ^8 miliims. ; diameter 6-523 mafim. 
Conductdng-powBr found before „ 

heating Sie wire 78*323 at 9-0 

Ditto, ^er being kept at 100“ 

fori day 78-^5 at 8-5 mi« 

Ditto, for 2 days 78-898 at 10-2 ^1-626 


to6°. 

80-284 


T. 

Conducting-power. 

l§-0 

87-015 

56-0 

69-301 

lOO-O 

61*949 


X = 80 -628 - 0-221 96f -h 0-00035 1 8^2 


18. 

Copper-silver alloy, containing 1-53 volume per cent, 
of copper (hard drawn). 

Lengtii 2139 miliims, ; diameter 0-642 millim. 
Condueting-power found before ^ Reduced to 6° 

heating the wire 94-554 at 9*8 97-708 

Ditto, after being kept at 100° 

for 1 day 95-314 at 9-0 98-231 

Ditto, fur 2 dars 94-968 at 9-9 98-168 


1 T. 

Conducting-power. | 

10-0 

I 

94-940 j 

55-0 

82-126 ' 

100-0 

72-146 


X=9&-172~0 033024f-|-0-0006996!'-. 


19. 

Iron-gold alloy, containing 27*93 volumes per cenL 
of iron (h^d drawn). 

Length 145 milHms. ; diameter 0*758 millim. 

Conducting-power found before o Eedu(»dto0°. 

heating the wire 2-5815 at 14*6 2-716© 

Ditto, after being kept at 100° 

for 1 dav 2-6193 at 14-4 2-7539 

Ditto, for 2 days 2-6309at 14-2 2 7641 

Ditto, for 3 days 2*6286 at 14 4 2*7636 


T. 

Conducting-power 

iBo 

2-6239 1 

57-5 

2-2732 I 

100-0 

1-9926 


X- 2-7645 -0*0096586t;-f 0 00061940!®. 


GPbe conducting-power of a se- ^ 

cond wire was found 2-6177 at 14-6 


Educed to CP. 

2-7451 
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Table V. (continued). 


Table VI. 


allcjf, coataiaing 21*18 volumes per cent, of 
iroo (bard diawa). 
iB4 mMm. ; dian^ 0^ nulliiQ. 

OoastdB^iMr-power found before o Seduced to 0^. 

1-9299 at 14-6 2-0121 

Ditto, after being kept at KKf 

for 1 ctay 1*9981 at 10-8 2-0614 

Dittcv ifftS days..... 1-9866 at 13-2 2*0621 


T. • 

Conducthag-power. 

140 

1-9822 

57-0 

1-7951 

100-7 

1-7010 


X=2'0632- 0*006136“^+0-00002515^*. 

The conducting-power of a se- o Bfiduced to 0°, 

cond wire was found ......... 1-8746 at 17'2 1*9681 


f Phosphorus-copper, containing 2*5 per cent, by 
n^eight of phosphorus (hard drawn). 

L 0 Dg& 13i miUims. ; diameter 0-K5 millim. 
Conducting-power found before SeduredtoO®. 

heating the wire 7*^93 at 12-6 7-3432 

Ditto, after being kept at 100° i 

for 1 day 7*3287 at 12-3 7-3717 

Ditto, for 2 days 7*3424 at 13*6 7-3901 


T. 

Conducting-power. 


Observed. 

Calculated. 


f4*52 

7-3395 

7-3^1 

-j-0-0004 

34 22 

7-2696 

7-2708 

-0-0012 

56-25 

7-1963 

7-1954 

-fO-0(X)9 

77-35 

71243 

7-1241 

-f 0-0002 

99-08 

7-0515 

7-0517 

-(M)002 


X=7-3900- 00035194?-|-0-000001062!f2. 


Iron-gold alloy, containing 10*96 volumes per cent, 
of iron (hard drawn). 

Length 226 millims. ; diameter 0 470 millim. 

Conducting-power found before o Seduced to O’. 

heatiiig the wire 2*3450 at 15*6 2*3624 

Ditto, a&'r being kept at 100^ 

fori day 23549 at 138 2-3704 

Ditto, for 2 days 2 3585 at 1 0*4 2*8703 


T. 

Conductinc-power. 

12-0 1 

2-3573 

56-0 

2-3138 

100*0 

2-2798 


X = 2 3708-0-0011555^-f 0 00000024,54^. 

The conductmg-power of a se- , Eeduced to 0°. 

cond wire waa found 2-2397 at 17*2 2'2580 


•[■phosphorus-copper, containing 0*95 per cent, by 
weight of phosphorus (hard drawn). 

Length 265*5 millime . ; diameter 0*396 millim. 

I I Conducting-power. j | 


T. 

Obserred. j 

Calculated, j 

DiSerence. 

j 

11-05 

! 

! 23-028 

•23-032 

' -08)04 

24-50 

1 22-637 

22-635 

4-0-002 

39-72 

1 22-209 

22-203 

i 4-0-006 

54-96 

21-785 

21-787 

1 -0-002 

69-48 

21-407 

21-408 

; -0*001 

84-92 

21-017 ' 

21-023 

i -0-006 

99-83 

20-673 

20-668 

4-0-005 


X=23-368 - 0d)30873j'+0‘00003836f^. 


Iron-copper alloy, containing 0*46 volume per cent of 
iron (hard drawn). 

Length 573-5 millims. , diameter 0-358 millim. 
Conducting-power found before Eedu{»d to 0°. 

heating the wire... 38-315 at 9-0 38*852 

Ditto, after being kept at KKF 

fori day 39*055 at 9*4 39*626 

Ditto, for 2 days 39-124 st 10-4 39-758 

Ditto, for 3 days 39-241 at 10 0 39-852 

Ditto, for 4 days 39-313 at 1 10 39-986 

Ditto, for 5 days. 39-384 at 8-8 39-887 

I T, I Conducting-power. 1 


X=39-894 -0-06I9S8/4-(K»008346^. 


f Arsenic-copper, containing 5*4 per cent, by weight 
of arsenic (hard drawn). 

Length 225 millims. ; diameter 0-289 millim. 

Conducting-powor found before e Eeduml to 0". 

heating the wire 6-3518 at 9-3 6-3739 

Ditto, after being kept at 100° 

for 1 day 6-3780 at 8*4 6-3980 

Ditto, for *2 days 6*3800 at 7*9 6-3988 

1 1 Conducting-power. I | 


T. 

Observed. 

Calculated. 

Difference. 

I{b52 j 

6-3742 

6-3738 

4-04)004 

31-80 1 

6-3230 

6-3235 

-041005 

64-20 ; 

6-2707 

62713 

-0-0006 i 

75*58 

6-2232 

6-2220 

-f04¥)12 

98-05 

6-1703 

6-1708 

-04)005 


X=6-3989-(H)02388tkf-f 0*0000006331^. 


2b2 
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Table VI. (continued). 


4. 


A 


j" Arsenic-copper, containing 2*8 per cent, by weight of 
araenic (hard drawn). 


LiengCh 547 milliins. ; diameter 0*431 millim. 


Conducting-power found before 

heating the wire 

Ditto, alter bdng kept at 100^ 

for 1 day 

Ditto, for 2 days 


12*2980 at 8*9 

12*2648 at 9*5 
12*2369 at 11*9 


K^aeed to 0“. 
12*3787 

12*3507 

12*3443 


T. 

Conducfcing-power. 

Difference. 

Oteerved. 

Calculated. 

13*60 

24*75 

39*78 

54-72 

69*11 

84*72 

100*28 

12*1933 

12*0937 

11*9648 

11*8364 

1 11*7152 

115837 
11*4631 

12*1930 

12*0943 

11*9635 

11*8358 

11*7151 

11*5867 

114614 

-f 0*0003 
-0*0008 
4-0*0013 
400006 
-l-O-OOOl 
-0*0030 
-}-0*(K)17 


X = 1 2*3156 - 0*0090694f-f0*000005496f^. 


“t Arsenic-copper, containing traces of aisenie 
(hard drawn). 


Length 381 millims. ; diainet^ 0*364 millim. 


Conducting-powffl* found before 

heating the wire 

Ditto, alter being kept at 100® 

for 1 day 

Ditto, for 2 days 

Ditto, for 3 days 


Bednced to 0". 
58*680 at 16*4 61*255 

58*924 at 14*5 61*207 

59*286 at 12*7 61*2^ 

59*0!3atl4*l 61*236 


T. 

C onducting-powcr . 

Difference. 

Observed. 

Calculated. 

14-65 

58*948 

68*931 

4-0*017 

23*85 

57*533 

57546 

~(h013 

39 95 

55-226 

55*244 

-0*018 

54*48 

53*298 

53*299 

-(HKll 

69*26 

51*464 

51*448 

+0016 

83*47 

49*801 

49790 

+0*011 

98*62 

48*141 

48154 

-0013 


X=61*238-016183!'+0 00002957f*. 


Tables VII., VIII., IX., and X. contain (1) the values found in a former research*, 
reduced to 0° with the help of the formula given in the above Tables for some of the 
alloys (column A.), (2) the values tajten from the above Tables, namely, the first 
observed conducting-power reduced to 0° (column B.), and (3) the formulae for the 
correction of the conducting-power for temperature, taking the mean of the values in 
the columns A. and B. as the conducting-power at 0°. 

Table VII. 


Alloy. 

Volumes 
per cent. 

Conducting-power. 

A. j B. 

Formulae for the correction of the conducting- 
power for temperature. 

SmPb 

83*96 of Sn 

11*582 

J2 423 

X= 12 002 - 0 046645j'+0 0001042?“ 

Sn, Cd 

1 83*10 of Sn 

14 459 

14 658 

X=14*558-0U59337»^+0*(KI01728.f» 

Sn, Zn 

77*71 of Sn 

16*504 

16 991 

X=16 747-0 065044?'+0 0001460?» 

Pb Sn 

53*41 of Pb 

9*855 

10423 

10*139 _0*038358?+0*00008536?* 

Zn Cd, 

26-06 of Zn 

25 405 

25*834 

X = 25*6 1 9 - 0*096978?+00002049?“ 

Sn Cd^ 

2350 of Sn 

21*194 

22123 

X =21 -658 -O*08336S?+000G2«38?“ 

Cd Pb, 

10*57 of Cd 

9047 

9*264 

X= 9*155 - 0 03*2041?+0*00006647if= 


Table VIIL 


Alloy. 

Volumes 

Conducting-power. 

Formulae for the correction of the conducting- 

per cent. 

A. 

B. 

power for temperature. 

Lead-silver 

94*64 of Pb 

8*823 

8-938 

X= 8*880 _0032149? +0*«){K)7070?f® 

Lead-silver .. . 

46*90 of Pb 

12071 

13391 

X=12*73l -0*024986? +0 00003947?=* 

Lead-silver 

30*64 of Pb 

21*874 

X =21 874 -0*043652? +000005687?“ 

Tin-gold 

9032 of Sn 

8*2418 


A= 8 2418-0 025418? +0 00005472?“ 

Tin-gold 

Tin-copper (hard drawn) 

Tin-copper (hard drawn).... 

Tm-eopper (hard drawn) 

Tin -copper (hard drawn) 

79 54 of Sn 
93 57 of Sn 
83 60 ofSn 
14*91 of Sn 
12 35 of Sn 

4 5500 

5*0427 
12 034 
12*764 
8*823 

10 154 

X= 4*7963-0014006? +0*«K)03020?“ 

X=: 12*034 -0*044328? +000009781?“ 
X=12*764 -0*042457? +000008734?“ 

X= 8*8223 -0*0048266?+0(H)0002593?* 
X=10 154 _0*0087656?+000001203?“ 

Tin-copper (hard drawn) 

1161 of Sn 


12102 

X = 12 102 - 0-0083587?+0f)0(K)03674?“ 

Tin-eopper (hard drawn) 

Tin -copper (hard drawn) 

6 02ofSn 
1*41 of Sn 

i9750 

19*682 

62 463 

X=I9 716 -0 019626? +0 00001390?“ 

X =62*463 -0*16713? +00W3136?® 

Tin-silver 

96*52 of Sn 

12 378 

12 390 

X = 12 384 -0*017293? +00001014?'“ 

Tin-silver 

Zinc-copper (hard drawn) 

Zinc-copper (hard drawn) 

Zinc-copper (hard drawn) 

Zinc-copper (hard drawn) 

Zinc-copper (hard drawn) 

75*51 ofSn 
42*06 of Zn 
29*45 of Zn 
23*61 ofZn 
10*88 of Zn 

5 *03 of Zn i 

13*547 

13866 

21 793 
21*708 
28*298 
46*934 
60376 

X= 13*706 - 0 051720? +0*0001172?“ 
X=2l*793 - 0 029939? -j- 0000029 16?“ 

X =21 *708 — 0*(ki7632? +0*00002698?“ 

X =28*298 - 0*040039? +0 (M)003H32?“ 

X = 46*934 -0 095947? +-0*0001423?“ 
X=60-376 —0*14916? +0 0002473?“ 


Philosophical Tr^isactions, 1860, p. 166. 







TEIEPEEAOTKB ok the ELK5TRIC COKBUCTING-EOWIE OF ALLOYS. 170 


Table IX. 


Alloy. 

Volumra 

Conducting-power. 

PormuisB for the correction of conductu^- 
power for temperature. 

per cent. 

A. 

B. 

0old-copper (hard drawn) 

Odd-copper (hwd drawn) 

98-63 of Au 
8H6of An 

21393 

56-122 

16-083 

X=56-I22 — 0-14887i 4-0-000261 

X=:16-083 -0-012041!? 4-0-000001296^® 

Gold-silVer (bard drawn) ......... 

79-86 of Au 

21279 

X=21-335 -0-0232l2^ 4-0-0(K)01694!f® 

0old -silver (annealed) 

79-86 of Au 


21527 

X=2l-584*— 0-0-24539t -f OOOOOJSW^® 

Gold-silver (hard drawn) 

52 08 of Au 

15-030 


X= 15-030 -0010120!? 4-0-000003697^® 

Gold-silva* (annealed) 

52-08 of Au 

15-080 


X=15-080 -0-010864^ -4-0000007457!?® 

Gold-silver (hard drawn) 

19-86 ofAu 

21-305 

22-062 

X=2l-684 -0-019185!? -f 0-00001 152^-^ 


19-86 of Au 


22125 

X=21-746»-0 019753!? 4-0-00001395!?® 
X=20'514 -0*017718!; 4-04)0001 170^® 

Gold -copper (hard drawn) 

Gold-copper (hard drawn) 

19-17 of Au 


20-514 

0-71 of Au 


84-008 

X=84-O08 - 0-27895!? 4-00006139!?® 

Platinum-gilver (hard drawn) ... 

19-65 of Pt 


6-6960 

X- 6-6960-0-0022l43f4-0-000001393^® 

Platinum-silver { hard drawn) . . . 

5 -05 of Pt 


18-031 

X= 18-031 -0-0l3949f 4-0-00001182/® 

Platkmm -silver (hard drawn) ... 

2-51 of Pt 


31-640 

I X=31-640 -0*039363# 4-0-00003642#® 

Palladiiun-silver (hard drawn) ... 

23-28 of Pd 


8-5214 

X= 8-52l4-0 002764f -O-0000013U#® 

Copper-silver (hard drawn)t 

98-35 ofCu 


89-544 

X=89-544 -0-30886!? 4-00007155#® 

Copper-silver (hard drawn)t 

95-17 of Cu 


82-300 

X=82-300 - 0-26758# 4-0-0005717#® 

Copper-silver (hard drawn)t 

77-64 of Cu 


69-311 

X=69-811 -0-21194# 4-0*0004240#® 

Copper-silver (hard drawn)t 

46-67 of Cu 


74 940 

X=74-940 -021011# 4-0-0003961#® 

Copper-silver (hard drawn)t 

8 -25 of Cu ! 


80-284 

X=80-284 -0-22101# 4-00003503#® 

Copper -silver (hard drawn)t 

1-53 of Cu 


97-708 

X=97-708 -0-32868# -fO-0006965#® 

Iron-gold (hard drawn) ... 

27-93 of Pe 


2-7350 

X= 27350 -0‘0095555#4-000001919#® 

Iron-gold (hard drawn) 

21-18 of Fe 


1-9901 

X= 1-9901 -0 0059194#4-0-00002426#® 

Iron-gold (hard drawn) 

10-96 of Fe 


2-310-2 

X= 2-3102-0-001l260#4-0 0000002391#® 

Iron-copper (hard drawn) ! 

0*46 of Fe 


38-852 

X=38 &52 - 0060341# 4-000008128#® 


Table X 


Alloy. 

Weight 
per cent. 

Conducting-power. 

FormulEB for the correction of the conducting- 

A. 

B. 

power for temper^re. 

Phosphonw-copper (hard drawn),. 
Pliosphorus-copper (hard dra-wn).. 

Arsenic-copper (hard drawn) 

Arsenic-copper (hard drawn) 

Arsenic-copper (hard drawn) 

2-5 ofP 

0 95 of P 

5-4 of As 

2-8 of As 
traces of As 

7-301 

23-920 

6-219 

13-356 

60-854 

7-343 

23-368 

6-374 

12-379 

61-255 

X= 7-322 -00034870#4-0-000001 062#® 
X=23-644 - 0-031238# 4-0-00003882#® 

X= 6-296 -0-0023492#-|-00000006230#® 

X = 12*867 -0-009475 7#4-0 000005743#® 
X=61-055 -0-16134# -f 00002948#® 


The Talues in columns A. and B. do not agree in all cases as well as might have been 
expected. Part of these differences are undoubtedly due to the fact that, the length of all 
wires made of alloys melting at a low temperature was measured after the determination 
had been made, as we found very great difficulty in soldering them to the thick copper 
wires in the'trough, for, owing to their low fusing-points, the ends of the wires melted in 
with the solder. Now they had to be wound round a glass rod, as their length would 
not permit of their being experimented with in the trough without it ; it is therefore 
probable that, on account of their softness, in unwinding and straightening them they 
became somewhat lengthened, which will account in a great measure for the differences. 
The value given for the conducting-power of one alloy (lead-silver, containing 30*64 per 
cent, of lead, and corresponding to Pb Agg) in the paper already referred to is i^^Tong. 

* These values have been altered to the same extent as those given in column B. for the hard-dra'w^n wires, 
in order that the effect of annealing may remain the same. 

t The alloys of these metals formerly tested do not quite correspond in composition to those here given, and 
therefore the values then found for their conducting-powers are not quoted above. They agree, however, very 
dosely with those in column B. 
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We not only used part of the same alloy employed for the former determinations, but 
also made and analysed a fresh quantity, and found the values for the conducting-power 
in both cases the same; the present value is therefore the correct one for the conducting- 
power of the alloy. The error made in the former determinations must have been that 
a wrong normal wire was noted down as the one with which the resistances of the wires 
were compared ; for according to the data from which the conducting-powers were then 
deduced, those there given are correct. 

In order to show in a clear manner the results obtained, and to explain the law wMdi 
we have arrived at, we will give in the first place the following Tables : — 


Table XI. 


[ 

AHoy. 

Volumes 
per cent. 

Conducting-power at 100'’. j 

Percentage decrement. 

Observed. 

Calculated, j 

Ob«£-iwed. 

Calculated. 

1 StIs Pb 

83-96 of Sn 

8-38 

8-28 1 

30-18 

29-67 

Sn^ Cd 

83 -10 of Sn 

1035 

1010 ' 

28-89 

30-03 

Sn., 2n 

7771 ofSn 

11 70 

1137 ! 

3012 

30-16 

1 Pb Su 

53-41 of Pb 

7-16 

7-21 ! 

29-41 

29-10 

1 Zn Cd, 

26-06 of 2n 

1797 

1775 

29-86 1 

29-67 

i Sn Cd: 

23*50 of Sn 

1536 

14-88 ! 

29-08 1 

• 30*25 

1 Cd Pb,. 1 

10-57 of Cd 

! 662 

7*03 

27-74 1 

27 60 


Table XII. 


Alloy. 

Volumes 
per cent. 

1 Conducting-power at 10(»®, 

1 Pereaafage decrement. 

j Observed. 

Calculated. 

Observed. 

Calculated. 

Lead-silver.,.. 

94 64 of Pb 

6*37 

9-35 

28-24 

19*96 

Lead-silver 

46*90 of Pb 

10*63 

40-30 

16-53 

7*73 

Lead-silver. 

30*64 of Pb 

18*08 

50*83 

17-36 

10*42 

Tin-gold 

90-32 of Sn 

625 

13-23 

24*20 

13-84 

Tin-gold 

79-54 of Sn 

3*70 

18-23 

22-90 

5-95 

Tin-copper (hard drawn) 

93-57 of Sn 

8-58 

12*72 

28-71 

19*76 

Tin-copper (bard drawn) 

83-60 ofSn 

9-39 i 

18-90 

2624 1 

14-57 

Tin-copper (hard drawn) 

14*91 of Sn 

8-37 

61-42 

5-18 

3-99 

Tin-copper (hard drawn) 

12-35 OfSn 

9*60 

63-02 

5-48 i 

4*46 

Tin-copper (hard drawn) 

11-61 OfSn 

1130 

i 63-47 

6-60 1 

5-22 

Tin-eoppcr (hard dra-wii) 

6-02 OfSn 

17 89 

66-93 

i 9-25 i 

7-83 

Tin-copper (hard drawn) 

1*41 OfSn 

48-89 

69-78 

21*74 

2053 

Tin-silver 

96-52 OfSn 

8-67 

10*90 

30*00 

23-31 

Tin-silver 

75*51 of Sn 

9-71 

23*91 

29-18 

11-89 

Zmc-copper (hard drawn) 

42-06 of Zn 

19-09 

49*57 

12-40 

11*29 

2inc-copper (bard drawn) 

29-45 of Zn 

19-21 

55*89 

11-49 

i(m 

Zmc-eopper (hard drawn) 

23-61 ofZn 

24*68 

58*82 

12*79 

1230 

Zinc-copper (hard dra-wn) 

1088 of Zn 

38*76 

65-20 

17*41 

17 42 

Zinc-copper (hard drawn) 

5*03 of Zn 

47*93 

68*13 

20*61 

20*62 
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Tajsle XIII. 


Alloy. 

Volumes 

percent. 

Cbnductang-power at 100*. 

1 Percentage decrement. 

Observed. 

Calculated. 

Observetl, 

Calculated. 

€k»ldi-«ttfpper (hard drawn^ 

98*63 of Au 

43*85 

55*^ 

21*87 

22-22 

Gtold-copper (hard drawn) 

81*66 of Au 

14*89 

57*96 

7*41 

2*53 

Otdd-silTer (hard drawn) 

79-86 of Au 

19*18 

58*25 

10*09 

9-65 

Goid-siiTer (annealed) 

79-86 of Au 

19-38 

/c 58*25) 
1560*24/ 

10*21 

{nil 


52-08 of Au 

14*05 

62-58'' 

6*49 


Oold-silTer (annealed) 

52-08 of An 

14*07 

62*581 
\ b 65*99 j 

6*71 

[a 6-59 
[5 6*25 

Gold-silrer (hard drawn) 

19*86 of Au 

19*88 

67*60' 

8*32 

8*62 

Gold-silrer (annealed) 

19-86 of Au 

19*91 

r a 67-60 1 
[ b 72*68 j 

8*44 

fa 8*63 

1 5 8*03 

Gold-copper (hard drawn) 

19 -17 of Au 

18*86 

67-68 

8*07 

8*18 

Gold-copper (hard drawn) 

0*71 of Au 

62*25 

70*54 

25*90 

25*86 

Hatinmn-silrer (^hard drawn) 

19-65 of Pt 

6*49 

59*31 

3*10 

3-21 

Platinnm-silvcr /hard drawn) 

5*0.5 of Pt 

16*75 

67*77 

7-08 

7*25 

Platinum -silver (hard drawn) 

2*51 ofPt 

28*07 

69*24 

11*29 

11*88 

Platinum -silver (hard drawn) 

23*28 of Pd 

8*23 

57-27 

3*40 

4-21 

Copjer- silver (hard drawn) 

98*35 of Cu 

65*81 

70*66 

26-50 

27-30 

Copper-silver (liard drawn) 

95*17 of Cu 

61*26 

70*66 

25*57 

25*41 

Coppcr-.'^ilver (hard drawn) 

77*64 ofCu 

52*86 

70-66 

24-29 

21*92 

Cop)»er-silver (hard drawii) .• 

46*67 of Cu 

57*89 

70*68 

22-75 

24*00 

Copper-Sliver (hard drawn) 

8*25 of Cu 

61*69 

70*69 

23-17 

25*57 

Copper-silver (hard drawn) 

1-53 of Cu 

71*81 

70*69 

26*51 

29*77 

Iron-gold (hard drawn) 

27-93 of Fe 

1*97 

42*62 

27*92 

1*47 

Iron-gold (hard drawn) 

2M8ofFe 

1*64 

45*64 

17*55 

112 

Iron-gold (hard drawn) 

10-96 ofFe 

2*20 

49*68 

3*84 . 

1*34 

Iron-copper (hard drawn) 

0-46 of Fe 

33*63 

70*34 

13-44 * 

14*03 


These Tables will require some explanation. Calculated conducting-power means the 
deduced conducting-power of an alloy, it being assumed that the conducting-power of a 
wire of any alloy is equal to the sum of the conducting-powers of parallel wires of the 
metals composing the alloy. 

Under the term “calculated percentage decrement between Cf and 100\” we do not 
mean, as might be supposed, the mean of the percentage decrements which the com- 
ponent metals would suiFer in their conducting-powers between 0° and 100°, and which 
wonld be, for nearly all the alloys experimented with, 29*307 per cent, inasmuch as it 
has been shown * that the conducting-power of most of the pure metals decreases between 
0® and 100' by 29*307 per cent, (the exceptions to this law, being thallium andiron, the 
conducting-powTi’s of which decrease between 0° and 100° 31*420 and 38*200 per cent 
respectively f). It is therefore clear that the calculated percentage decrement in the 
conducting-powers between 0° and 100" of most alloys, from the above assumption, must 
be also^29*307 per cent. It is, however, obvious, on looking at the obser%^ed percentage 
decrements, that the conducting-powers of the alloys, with the exception of those given 
in Table XL, decrease less than 29*307 per cent, between 0° and 100°. In order to avoid 
repetitions, instead of the above value (29*307), we have inserted under the heading 
“ calculated percentage decrement ” that deduced from the following law : — 

The ohseTded percentage decrement in the cmducthig power of an alloy between 0° and 
100° is to that calculated between 0° and 100° (vk. 29*307) as the observed conducting- 
power at 100° is to that calculated at 100° 

* Loc, eit. 


t Philosopliical Transactions for 1863. 
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Or writing the above in symbols, 

> Po r Pc ; * , (1) 

where Po and Pc represent the observed and calculated percentage decrements in the 
conducting-power of the alloy between 0° and 100°, and and its observed and 
calculated conducting-power at 100°, Pc is, as just stated, equal to 29-307 in nearly all 
cases, the exceptions being vrith the thallium and iron alloys. 

If the values so deduced be examined, it will be seen that those given in Table XI. 
for the observed and calculated percentage decrement agree yery closely with each 
other as well as with the mean \-alue found for the percentage decrement in the con- 
ducting-power between 0° and 100'" of the pure metals, viz. 29*307. This is just what 
we expected ; for these alloys conduct electricity, as will be seen from the Table, in the 
ratio of their relative volumes, and therefore their conducting-powers ought to decrease 
between 0° and 100° in the same percentage amount as that of the mean of their com- 
ponents. 

On looking at Table XII., which contains the alloys made of the metals belonging to 
the two classes, we find that, as long as there is no change in the conducting-power of 
the metals lead and tin by the addition of another metal, the conducting-power of the 
alloy decreases between 0° and 100° 29-307 per cent, but the moment the alloys show a 
greater or smaller conducting-power than that of pure lead or tin, then the percentage 
decrement is less than 29-307. Again, the alloys of tin or zinc with copper containing 
small amounts of those metals follow approximatively the above law ; and on referring 
to the curves* which represent the conducting-powers of these alloys, it would appear 
that, starting vrith the metal whose conducting-powder is gi-eatly altered by a small addi- 
tion of a foreign metal, the above law", as just stated, is approximatively true for all alloys 
as far as the turning-point of the cum, and from this point there is no agreement 
between the observed and calculated values. The difierence between these values begins 
to show itself in some cases much sooner than in others ; thus, with tin and copper after 
the addition of one per cent, of the former ; with zinc and copper only after more than 
ten per cent, of zinc has been added, and from these points it gradually increases with 
each addition of metal. What the exact law is w^hich these alloys follow with regard 
to the property under consideration we are unable at present to state, but some of them 
at least show that the law we have put forth will hold good in their cases. Unfortu- 
nately the alloys of this class, containing large percentages of each metal, are exceed- 
ingly brittle and unworkable, so that no complete series of determinations with any set 
of alloys could be made ; had we been able to do this with one or two series, we should, 
in all probability, have found the law which regulates the influence of temperature on 
the conducting-power of this group of alloys. With regard to those in Table XIII. 
very little need be said, for the deduced percentage decrements prove that our law holds 
good for most of the alloys of this group. There are nevertheless a few remarks to be 


* Loc. eit. 
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made respecting some of the values given in this Table, namely, on those of the annealed 
wires. Elsewhere it has been shoT^ui that the conducting-power of hard-drawn wires of 
some metals is greatly altered by annealing them ; with the alloys this does not seem to 
be the case, for the differences here are very small. On account of their smallness we 
have not thought it worth while to investigate this matter any further at present : for 
to arrive at such results as might show the connexion between the effect of annealing 
on the conducting-power of alloys and on that of the metals composing them, would 
require a long series of experiments. Although the percentage decrements in the con- 
ducting-powder of these annealed wires are all somewhat higher than those of the hard 
drawm, yet they may be considered the same, as the percentage decrements in the 
conducting-power of hard-drawm and annealed wires of the pure metals vary also in a 
small degree, but not always in the same direction. Thus those found for silver were — 

■ Hard drawn. Annealed. 

28-67 28-82 • 

28-44 28-67 

27-82 28-21 

We have calculated, as will be seen in the Table, the percentage decrements in two 
ways: — ist (a), using for the calculations the conducting-powers of the hard-drawn, and 
2ndly (J), those of the annealed metals. The values so obtained for the percentage 
decrement do not differ very much from one another. 

In cfdculating the results for the iron alloys, Pc has not been taken equal to 29*. 307, 
but for each alloy Pc has had to be calculated. Thus for the 1st, iron-gold, which 


contains 2 7' 9 3 volumes per cent, iron, 

The conducting-power of 1 volume of iron may be said to lose between 0® and 

100^ 38'2G0 per cent. ; therefore 0'2793 volume will lose 10 ’686 

That of 1 volume of gold may be said to lose between 0' and 100^ 29*307 per 

cent.; therefore 0*7207 volume will lose 21*122 

1 volume of iron-gold alloy, containing 27*93 per cent, iron, will therefore lose 31*808 


On comparing the values obtained for the conducting-pow*ers, &c. of the iron-gold 
alloys, the following facts are worth mentioning, — their very low and almost identical 
conducting-powers, and the high percentage decrements found for the first tw*o and the 
low one for the third. That there w’as no error in this value we cominced ourselves by 
remaking the alloy, which contained, according to analysis, the same percentage amount 
of iron as that given in the Table, and the percentage decrement in its conducting-powTi 
was found equal to 4*04. Again, an alloy, made by a well-known firm*, which gave on 
analysis 11*94 volumes per cent, iron, conducted at 0° 2*097, and lost betw^een 0^ and 
lOO'^ 4*30 per cent, of conducting-power. Unfortunately experiments with alloys richer 

* We are indebted to Messrs. JosNSorr, Matthey and Co., of Hatton Garden, for many of the alloys experi- 
mented with. These were the first two, iron-gold, the platinum-silver, palladium-silver, and aluminium-nickel. 

MDCCCLXIV. 2 C 
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in iron could not be made, owing to the brittleness of the alloys ; the high percentage 
decrement in the conducting-power of the first two indicating something abnormal, 
which it ’would have been interesting to have followed out. 

On account of the probability of the arsenic and phosphorus being chemically com- 
bined with the copper, we have not considered it worth while to calculate the percentage 
decrements, and therefore no Table corresponding to the last has been made for these 
alloys. 

If the above proportion, 

Po ; Pc (1) 


be converted into terns of resistance, the following formula is obtained, 

^ 100 ° ^ 00 ° ^ 0 =’? (*') 

where r,oo°, represent the observed and calculated resistances at ,100° and 


0°; for 

Po ^100° . 

but 



Po=100-^“ 

and 

AqO 


pc=ioo-^''r 


JOO. 

100 

= -r-(v 


And substituting these values in the above, we have 


•^0= — ^»&0° ^JOO® 

^0’"' ^0-”^100' ^JOO' 

or , , 

Aflo Aidflo AflO — 

— — — ■ — f - 

^0' • ^1P0° ^0° • ^!W)' 

or 

J J_ 

^100° ^0° ^JOO® ^0’ 

which is equal to 

^100° ^0^ — ^'100° ^0° ! ......... (i) 

for the reciprocal values of the conducting-powers of bodies are their resistances. The 
formula (2) expresses the fact that the absolute difference between 0° C. and 100° C. in 
the resistance of an alloy is equal to the absolute difference between O'" C. and 100° C. in 
the calculated resistance of the alloy. 

The formula (2) may be written 

— J (dj 

which is equal to saying that the absolute difference in the observed and calculated resist- 
ances at 100° C. is equal to the absolute difference between the observed and calculated 
resistances at 0° C. Tables XIV., XV., and XVI. contain examples of these deductions 
taken from the three groups of alloys, takii^ the resistance of silver at 0° equal to 100. 
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Table XIV. 


j AUot. 

Volumes 
per cent. 

^100°- 

V- 

*"'100°- 

rV 


^100= 

' I00°- 


SngPb 

83-^ of Sn 

1193 3 

833-3 

1207 7 

853-2 

3600 

354-5 


19-9 

i 

14-4 ■ 

S114 Cd 

83-10 of Sn 

966-2 

686-8 

990-1 

699-8 

279-4 

290-3 

1 

23-9 

13-0 

Sn , Zn 

77-71ofSn ; 

854-7 

597-0 i 

879-5 1 

621-9 

257-7 

257 6 

1 

24-8 i 

24 9 : 

Pb Sn 

53-41 of Pb i 

1396-6 

986-2 I 

13870 1 

980 4 ! 

4104 

i 406-6 

1 

9-6 

i 5-8 i 

, Za OL . 

26 06 of Zu i 

5565 

390-3 , 

563-4 i 

398-4 

1 166-2 

: 165-0 

j 

69 

1 8-1 I 

Sn Cd.. 

23-50 of Sn ! 

6510 

461-7 1 

672 0 ! 

474 8 

1 189-3 

197-2 

1 

21-0 

13 1 ‘ 

Cd Pbp ; 

ltV57 of Cd 1 

1510-6 

1092-9 

1422 2 i 

10050 

417-7 

417-4 

i 

88-4 

1 879 i 


Table XV, 


j Alloy. 

1 Volumes 

1 per cent. 


V- 

^'ioo=- 

^ 0 - 





' Lead-silver 

i 

1 94-64 of Pb 

1569-9 

1126 1 

1069 5 

755 9 

413-8 

1 313-G 

500 4 

370-2 

’ Lead-silver 

46-90 of Pb 

9407 

785 5 

248-1 

175-4 

15.5 2 

72 7 

692 6 

6101 

Lead-silver . . ..... . 

; 30 64 ofPb 

553 1 

457-2 

196-7 

1391 

95*9 

i 57 6 . 

356-4 

3181 

' Tin-copper 

93-57 of Sn 

1165-5 

831-3 

786 2 

555-6 

334 2 

1 230-6 ; 

379-3 

275*7 

1 Tin -copper 

83 60uf Sn 

1065 0 

783-7 

529 1 

374-1 

2813 

155-0 

535-9 

409 6 

\ Tin -copper 

14 91 ofSn 

1196 2 

1133 8 

162-8 

115-1 

62-4 

47-7 

1033 4 

1018-7 

j Tin -copper 

. 12-35 of Sn 

1041-6 

985 2 

158 7 

112 2 

56'4 

1 46-5 

882-9 ! 

1 873 0 

j Tin-copper . 

11 61 of Sn 1 

; 885-0 

826 4 

157-6 

111-4 ' 

! 58 6 

; 46-2 ' 

727-4 I 

1 715-0 

1 Tin -copper 

6-02 of Sn , 

559-0 

507-1 

149 4 

105 6 i 

51 9 

; 43-8 

409-6 : 

401-5 

i Tin-cftpper 

UlofSn 

204 5 , 

160-1 

143 3 

101-3 i 

44-4 

; 42-0 

61-2 i 

58*8 

j Zinc-copper 

42 06 of Zn ; 

523 8 

458 9 

201-7 : 

124 6 : 

64-9 

59 1 ! 

322-1 ; 

316-3 

1 Zine-cojiper . . , 

29 45 of Zn 1 

520 6 

460 6 , 

178-9 , 

126-5 ; 

60 0 

52 4 

341-7 i 

334 1 

1 Zinc-cop}H>r 

23-61 ofZn 

405 2 

353-4 ' 

170-0 

120 2 

51-8 

49-8 

235-2 ; 

233-2 

' ZmcH'opper .... 

10-88 of Zn 

258 0 

215 1 i 

1534 

108 4 ! 

44-9 

45-0 ! 

104-6 ' 

104-7 

Zme-copper , . . 

5 O 5 of Zn s 

208 6 • 

165 6 ; 

146-8 

103 8 : 

430 

43-0 

61-8 ! 

61-8 


Table XVL 


Alloy j 

Volumes 
per cent. 

^ 100 ^' 1 

rgo. 1 




o°- 

^100'= lou"-- 


Gold-copper (bard drawn ) .| 

98 63 

of 

Au 

228 1 ! 

198-2 ' 

1807 

127-8 ! 

49-9 

52 9 

47 4 

50 4 

1 Gold-copper ( hard drawn i . . . ; 

81 66 

of 

Au 

671 5 ! 

6219, 

172-5 

1220 

49-6 

50-5 

499 0 

499-9 

Gold-silver (hard drawn) .. t 

79 86 

of 

An 

521 4 

468-8 ' 

171 7 

121-4 1 

52 6 

50 3 

3497 

347-4 

Gold-silver (hard drawm) . ' 

.52 08 

of 

Au 

711 7'. 

665 3 i 

159 8 

1 113 0 ; 

46 4 

46-8 

551*9 

552-3 

Gold-silver (hard drawn) ' 

19 86 

ot 

Au 

5030; 

461-2 i 

147-9 

104-6 

44 8 

43 3 

355-1 

^ 356-6 

Gold-copper (hard drawn ) , ' 

19-17 

of 

Au 

530-2 ! 

487 6 ! 

147-8 

104 5 : 

42 6 

433 

; 382 4 

383 1 

Gold-copper (hanl dniw-n* ' 

0 71 

of 

.Au 

160 6 

1190' 

1418 i 

1 100 2 

41 6 

416 

1 18 8 ; 

18-8 

Platmuiu-eilver ( luird drawn ) 

19 65 

of Ft 

1540 8 ji 

1492 5 * 

168-6 

1192 ' 

48-3 

494 1 

1372-2 i 

1373-3 

Platinum-sih er (hard drawn) 

5 05 

of 

Pt 

597-0 . 

554 6 ; 

1476 

104-3 1 

424 

4,-i-3 1 

449-4 1 

450-3 

Piatimmi-silver (hard drawn)' 

2 51 

of 

Pt 

356 31 

3161 1 

144-4 

102 1 , 

40-2 

423 I 

21 1 9 : 

214 0 


What has already been said when speaking of the results contained in Tables XL, 
XII., and XIIL, will of course apply here. In Table XIV.. the values in the columns 
headed and ro®— r!,o do not agree in all cases ; and at the first glance we should 

be inclined to suppose that the law w’as not as correct for these alloys as for those given 
in Table XVI. ; but this is only due to slight errors in the determination of the resist- 
ances, &c., for a small percentage difference in these numbers will cause a very marked 
one in those under the headings rjooo— r'^oo and — If, on the contraiy*, the values 
in the columns fioo=-^?*0o and r'ioo=— Tables XIV. and XVI. be compared with each 
other, it will be seen that those in Table XIV. agree together quite as well as those in 

2 c 2 
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Table XVI. ; and therefore, if the values in Table XTV. were smaller, those in the 
columns headed rioo<.— and 7*0° would agree much better together. 

If 

• • • • • ( 3 ) 

be correct, we may suppose that 

/•,-r'=rno-y'o ; 

that is, the absolute difference between the observed and calculated remtances of an alloy 
at any temperature is equal to the absolute difference between the observed and calculated 
resistances at 0° C. ; or, in other words, 

— r' = constant ( 4 ) 

Table XVII. contains some examples which show this to be the case. 


Table XVII. 


Alloy. 

T. 

r. 

r'. 

Difierence. 


0 

1092-9 

1005 0 

87-9 


20 

11710 

1083-0 

88-0 

Cd Pb, 

i 40 

12531 

1164-9 

88 2 

! 60 

1538-7 

1249-8 

889 


80 

1424-5 

1335-8 

88-7 


1 100 

15106 

1422 2 

88-4 


i 

1 0 

11904 

100-21 

18-83 


; 20 

127-11 

107-98 

19-13 

Gk)ld-copper, containing 071 1 

40 

135 44 1 

1 116-16 

19-28 1 

Tolume per cent, of gold . . . | 

60 

143-92 I 

1 124-63 

' 19-29 ! 

80 

152 39 I 

i 133-21 

; 19-18 

1 

100 

160-64 

141-76 

1 18-88 


i 0 

468-71 1 

12136 

' 349-35 


1 20 

479-00 1 

: 13077 

, 348-23 

Gold-silrer, containing 79-86^ 

I 40 

489-38 I 

} 140-67 

' 34871 

roiumee per cent, of gold . 

i 60 

499-93 

1 150-92 

: 349-01 

i 80 

510-57 1 

! 161-31 

349-26 


100 

52130 i 

! 171-67 

349-63 ' 


The values given in the column r were calculated with the help of the forraulm from 
Tables VII. and IX., those in the column d \^ith that deduced for the correction of 
conducting-power for temperature of most of the pure metals, namely, 

A= 100 ~0*37647?5 + 0*0008340f . 

If. now, 

constant, (4) 


it is clear that we may deduce the formula for the correction of resistance or conducting- 
power for temperature of an alloy as soon as we know its composition and its resistance 
at any temperature; for, as and may be calculated by means of the formula 

given for the correction of conducting-power for temperature for most of the pure 
metals, viz. 

A=100-0-37647t+0-0008340f* 


* Loc, cit. 
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if the constant ft— ri be determined, then 

^* 100 ° “”^ 00 ° “h constant, 

Tt -h constant, 

=rj,<. -{-constant; ^ 

and from these terms a formula for the correction of resistance or conducting-power for 
temperature may be calculated, which in most cases wiU be found veiy near the tnitli. 
Thus, take, for instance, the gold-silver alloy containing 79*86 volumes per cent, gold 
(hard drawn), and we find 

the first observed conducting-power . . . 21*010 at 11°*7, 

that calculated 78*866 at ll''*T, 

hence the resistance observed is ... . 475*96 at 11°*7, 

that calculated 126*80 at 11^*7 ; 

therefore 349*16. 

But the calculated resistance at 0°= 121*36, 

50"=:145*7o, 

100"=:171*67, 

therefore r, the true resistance, will be at . . 0'’=121*36-j- 349*16 = 470*52, 

. . 50=’=145*75-f349‘16 = 494*9L 

„ „ „ „ . . 100^=171*67 + 349*16=521*83; 

or the conducting-powers will be at . . . . 0"*= 2 1*253, 

„ ,. „ „ . . 50^=20*206, 

„ .. „ „ . . 100^=19*200. 

The formula deduced from these numbers is 

X = 21 *253 - 0*021 350j{ + 0*000008200f . 

The conducting-powder, according to this formula, of the alloy at 11^*45 w*ill be 21 Old ; 
but after having kept the alloys at 100'" for three days it altered, and was found at tliat 

temperature to conduct 21*031. If the above formula be multiplied by "j~ =ldO]. 
we arrive at 

x=21*274-0*021372if+0'000008208f ; 

and if the conducting-powers be calculated for the different temperatures in the following 
series, the difference between the observed and calculated values will be found tf) be 
very small. 


Conducting-power, j 


T. ! 

; 1 Observed. 

j Difference. 

Calculated. 

; 114.5 ; 

21-031 

21031 

0-0f)0 

1 26-04 ! 

20-698 

20-723 

-0025 

; 40-04 

20-391 

20-421 I 

-0-030 

! 5.5-26 

20-065 

20-H8 i 

-0-053 

j 67-73 ; 

19-806 

' 19-864 i 

-0 058 

j S4-13 ; 

19-463 

19.);i4 

-0-071 

9S-45 j 

19175 

19-250 

-0075 
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Another example: the gold-copper alloy containing 0*71 volume per cent, gold (hard 
draTO) conducts 79*884 at lo°*3; the formula deduced in exactly the same manner as 
the above was 

x=83*843-0*26810if-h0*0005152f ; 

and the formula deduced from this, with the help of which the following calculated 
values were obtained, w'as 

A=84*204-0*26926^+0'0005174f, 


T. 

i Conducting-power. i 

Difference. J 

1 

1 Observed 

Calculated, i 

1^27 

1 79-709 

I i 

! 79-708 : 

i 

0-000 ; 

28-98 

i 77-952 

78 045 ! 

-0-093 i 

3955 

' 74-154 

74-364 ! 

-0-210 i 

54-26 

1 70-924 

71-118 ' 

-0 194 1 

69-26 

67-920 

680.37 

-0-117 } 

83-86 

65-213 

65-263 

-0-O50 , 

98-78 

, 62-645 

62-656 1 

-0-011 


Again, let us take another example, the alloy 8114 Cd, for whicli tlu' value.s (Table 
XIY.) obtained for rioo-— Koo” androo—?*!,. agree Avorse than any other in that Table; 
and if the results agree, it will show that the differences in these values are. as before 
stated, due to errors of observation. 

The first observed conducting-power was 14*259 at ff’* 8 . 

The formula deduced, as above, w^as 

x=14*641~0*055250f+0*0001158f. 

That deduced to calculate the conducting-powers for comparison with those observed, was 
x=14*455-0*054673f-h0*()001141f. 


1 

( ’onduct mg-jKjwer. 

Diflcrence 

Observed 

! Calculated 

1 k72 

13-986 

I 13 968 

0 000 ; 

i 25-52 

13-086 

1 13134 

-0-015 ! 

1 39-50 

12-419 

1 i-i-47;} 

-0-054 ! 

54-96 

11-770 

1 11-795 

-0-025 1 

69-40 

11218 

; 10-211 

+0-007 t 

84-02 

10933 

10-666 

+0 067 1 

98-85 

10-333 

10-166 

+0167 i 


These examples are sufficient to prove that the law we have put forth is correct for 
most of the two metal alloys ; we might have experimented with many more alloys Avhose 
conducting-power w^ould haA^e followed the above law, but we thought determinations 
with a few members of each group of alloys would suffice to prove its correctness for 
most of them. We have endeavoured rather to find the exemptions to the law than to 
obtain a large number of results which will agree with it. 
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II. Experiments on the Influence of Temperatwre on the Electric Conducting-power of 
some Alloys composed of three Metals. 

In the course of the foregoing experiments we were induced to try whether the 
influence of temperature on the conducting-power of the three metal alloys would be 
regulated by the above law, and Tables XVIII. and XIX. contain the results.* 

Table XVIII. 


Gold- copper-silver alloy, containing 50 volumes per cent, gold, 25 copper, and 25 silver (hard drawn ). 

Length 341*5 miUime. ; diameter 0-618 millim. Eeduced to (T 

Conducting-power found before heating the wire 10*6186 at 13*7 10‘6960 

Ditto, after being kept at 100^ for 1 day 10*6367 at 6*0 10‘6681 

Ditto, for 2 days 10'5855 at 6*7 10*6232 


T. 

Conducting-power, 

Difference. 

Observed. 

Caleidated. 

10-75 

10-5637 

10*5617 

-fO-00'20 

3352 I 

10-4341 

10*4346 

-0-0005 

55*15 j 

10-3130 

10-3148 

-0*0018 

78-35 ! 

101846 

10-1873 1 

-0-0027 

97-52 1 

10-0857 

10-0828 1 

-I-0-0029 


X = 10-6220-0 00562482‘-f 0*0000009863jfl 


2. I 

(Jold-copper-silver alloy, containing 40*67 vols. per cent, 
gold, 39*81 copper, and 19*52 silver (hard drawn). 
Length 532 millims. ; diameter 0*625 millim. 
Conducting-power found before „ Reduced to 0®. 

heating the wire 12-007 at 15-1 12*109 

Ditto, tSev being kept at 100® 

fori day 11-978 at 15-5 12-083 

Ditto, for 2 days 11-915 at 16*5 12-0*26 

Ditto, for 3 days 11-914 at 15*9 12-020 


! T. 

Conducting-power. 

! 

; 90 

11-956 

1 54-5 

11-647 

1 100-0 

11-438 


X = 12*017 - 0*0069033!'+0-00001 111^. 


3. 

Gold-copper-silver alloy, containing 3*67 vols. per cent, 
gold, 83*32 copper, and 13*01 silver (hard drawn). 
Length 764 miUims. ; diameter 0*553 millim. 
Conducting-power found before „ Reduced to O'-. 

heating the wire 44’820 at 18*4 44*272 

Ditto, after being kept at 100° 

for 1 day 42*994 at 17*1 44-348 

Ditto, for 2 days 42*983 at 18*2 44-424 

Ditto, for 3 days 43*047 at 17*0 44-395 


T. 

Conducting-power. j 

lf-0 

43-591 ■ 

555 

40-300 1 

100-0 I 

37*560 i 


X =44-472 - 0*081525i-pO*0001240t^ 


Table XIX. 


Alloy. 



Conducting-power at 100°. 

Percentage decrement. 



Observed. 

Calculated. 

Observed. 

Calculated. 

Gold-copper-silver 
(hard drawn). 

f 

1 

50 Au 

25 Cu 

25 Ag 

1 10-14 

62*89 

5-20 

4-72 

Ditto 

f 

1 

40-67 Au 
39-81 Cu 
19-52 Ag 

1 ll-,'»2 

64-34 

4-82 

5-25 

Ditto ...... 

1 

3-67 Au 
83-32 

13-01 Ag 

1 37*39 

70-09 

15*54 

15*63 

Argentan 

1 

12-84 Ni* 
36*57 Zn 
50*59 Cu 

j 7*46 j 

^ 44-44 j 

4-39 

4-93 


* Values found by analysis. Of this wire all our normal wires were made. According to former experi- 
ments (Philosophical Transactions, 1862, p. 5}, the formtjda for the correction of conducting-power for tempe- 
rature of this alloy was 

A = 7*803-0*0034619f -f 0*0000003951<^, 
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The values in Table XIX. indicate that the law will probably hold good for most of 
the three metal alloys. * 

There is, however, one of the three metal alloys which we cannot pass over unnoticed, 
namely, that of copper-nickel-zinc or argentan (german silver). This alloy has long 
been used, on account of the small effect which temperature has on its conducting-power, 
for making resistance coils, &c. It is a somewhat curious fact, that the conducting- 
power of this commercial alloy decreases less between 0° and 100° than almost any other 
alloy yet known, for in the course of this investigation we have only found the following 
which show a smaller percentage decrement in their conducting-power than argentan. 

The conducting-power of the platinum-silver alloy, containing 19'G5 volumes per cent, 
platinum, decreases between 0° and 100'' 3*10 per cent. 

The conducting-power of the palladium-silver alloy, containing 23’3S volumes per cent, 
palladium, decreases betw’een 0° and 100° 3*40 per cent. 

The conducting-power of the iron-gold alloy, containing 10*96 volumes per cent, iron, 
decreases between 0° and 100° 3*84 per cent. 

The conducting-power of the argentan decreases between 0° and 100° 4*39 per cent. 

III. On a Method by which the Conducting-power of a Pure Metal may he deduced from 

that of the Impure one. 

This part of our subject is an important deduction from the law 

Po . Pc . . XjQQT .* ; (1) 

for if w*e consider the two last terms of the proportion, and beai* in mind that a small 
amount of another metal has very little or no effect on when it represents the con- 
ducting-power of an alloy containing a very small percentage of the one metal, w’hereas 
it has a very considerable one on Aioqo, w'e may wTite the proportion 

P:F::]VW:M;ooc (5) 

^ here P and P' represent the observ*ed and calculated percentage decrements in the con- 
ducting-power of the impure and pure metals between 0° and 100“, and and 
their conducting-powers at 100°. F is for most metals 29-307, or w^e may express it 
as follows : — 

The percentage decrement in the conducting-power of an impure metal between 0° C. 
and 100° C., is to that of the pure me between 0° C. and 10{)°C. as tlte conductingpower 
of the impure metal at 100° C. is to that of the pure me at 100° C. 

From the results given in Tables XII. and XIII., we have chosen the following alloys 
to show that a small amount of foreign metal has no influence on the value which 
may therefore be looked upon as equal to Mio®.. 
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Table XX. 


Alloy. 

Volumes 

Conducting-power at 100°. 


per cent. 

Observed. 

Calculated. 


Tin-copper (hard drawn) 

Zinc-copper (hard drawn) 

Gold-copper (hard drawn) 

GoM-TOpper (hard drawn) 

Platinum-silver (hard drawn ) ... 
Copper-silver (hard drawn) 

1*41 of Sn 
5*03 of 2n 
1*37 of Cu 
0*71 of Au 
! 2*51 of Pt 

1*65 of Ag 

48*89 

47*93 

43*85 

62*25 

28*07 

65*81 

69*78 1 

68 *13 / 

55-33 

70*54 

69*24 

70*66 

Pure copper conducts at 100® 70*27, 
i Pure gold conducts at 100° 55*90, 

Pure copper conducts at 100° 70*27. 
Pure silver conducts at 100® 71*53. 

Pure copper conducts at 100° 70-27. 


If now, as in the case of most commercial metals, the amount of impurity be much 
smaller than that in the Table, then of course its influence on the value Xioo is so small 
that it may be entirely disregarded. 

In Tables XXI., XXII., and XXIII., we give some results obtained with impure 
metals, the conducting-power of the same metal in a pure state having been previously 
determined. 


Table XXI. 

1 . 

Gold, containing traces of silver (hard drawn). 
Length 1564 millims. ; diameter 0*525 mUlim. 
Conducting -power found before „ Eeduced to 0°. 

heatinc the wire 69*612 at 10*2 72*056 

Ditto, after being kept at 100® 

for 1 day 70*069 at 10*4 72*578 

Ditto, for 2 dajs 69*274 at 13*8 72*578 


! 

Conducting-power, 1 

lB*0 

! 

68*969 

57*5 

60*179 i 

! 100*0 

53*387 


X = 72*548 ~ 0*24692)f+0*000553l!:2. 


£. 

Copper, containing traces of tin (hard drawn). 
Length 2008 miJlims. ; diameter 0*518 miUim. 
Conducting-power found before Reduced to 0'’. 

heating the wire , . 88*357 at 12*8 92*503 

Ditto, after being kept at 100® 

fori day 88*690atl2*6 92*786 

Ditto, for 2 days 89*589 at 10*1 92*894 


T. 

Conducting-power. | 

110 

89*319 j 

55*5 

1 76*619 ; 

100*0 

66*863 


X =92*912 _ 0*33482^ -h0 0007433^^ 


Table XXI. (continued). 

3. 

Copper, containing traces of zinc (bard drawn). 
Length 1992 millims. ; diameter 0*577 nuUim. 
Conducting-power found before , Reduced to 0®. 

heating the wire 81*306 at 18*2 86*490 

Ditto, after being kept at 100° 

for 1 day 83*185 at 12*8 86*896 

Ditto, for 2 days 83*021 at 12*8 86*725 


T. 

C ondueting-power. 

0 

13*0 

82*960 

56*5 

72*071 

100*0 ! 

63*786 


X= 86*719 - 0-298UZ-+0-000688U2. 


I 4. 

! Copper, commercial, containing traces of iron, nickel, 
j lead, and suboxide of copper (hard drawn). 

Length 2091 millims. ; diameter 0*546 millim. 

!' Condueting-power found before ^ Reduced to 0°. 

heating the wire 74i’209 at 16 6 78 023 

I, Ditto, after being kept at 100° 

. fori day 74*610 at 16*2 78*350 

i Ditto, for 2 days 74*563 at 16*8 78*441 

I Ditto, for 3 days 74*283 at 18*0 78*427 


1 T. 

Condueting-power. 

1^0 

75*668 ! 

56*0 

66*584 i 

100*0 ' 

59*351 


x=78*467-0*23896^-f0-0004780^^. 


2 D 
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Table XXL (continued). 

5. 

Copper, commercial, containing same impurities as 
No. 3 (hard drawn). 

Length 2246 millims, ; diameter 0*549 milKm. 
Conducting-power found before , Eeduced to 0°. 

heating the wire 74*660 at 16*8 78*705 

Ditto, after being kept at 100° 

for 1 day 74*958 at 16*4 78*921 

Ditto, for 2 days 74*946 at 16*6 78*958 

Ditto, for 3 daj-s 74*576 at 18*2 78*958 


T. 

Conducting-power. 

13*0 

75*979 

56*5 

76*738 

100*0 

59*633 


X = 79*1 55 - 0*23 1 66f-}-0*O005644f>, 


Copper, commercial, containing traces of lead, iron, 
antimony, and suboxide of copper (hard drawn). jj 
Length 3010 milluns. ; diameter 0*606 millim. !• 

Conducting-power found before Bednced to 0°. | 

heating the wire 89*258 at 16*7 94*896 j 

Ditto, after being kept at 100° j 

fori day 89*241 at 17*4 95*118 j 

Ditto, for 2 days 89*524 at 16*5 95*109 j 


! T. 

1 - ■ 

Conducting-power, 

10*0 

91*849 

I 55*0 

78*402 

100*0 

68*324 


X = 95*294 - 0*352892'-}.00008309f2, 


Silver, containing traces of lead (hard drawn). 
Length 1473 millims. ; diameter 0*513 millim. 
Conducting-power found before „ Seduced to 0°. 

heating the wire 64*909 at 13*6 66*997 

Ditto, a&r being kept at 100® 

for 1 dav 65*957 at 14*6 68*235 

Ditto, for 2 days 66*404 at 13*6 68*539 

Ditto, for 3 days 66*801 at 11*4 68*599 


Table XXI. (continued). 

8 . 

Silver, containing traces of tin (hard drawn). 
Ijength 3025 millims. ; diameter 0*579 millim. 
Conducting-power found before . EdlucedtoO®. 

heating the wire 71*437 at ll-6 73*964 

Ditto, after being kq)t at 100° 

for 1 day 72*668 at 13*8 75*287 

Ditto, for 2 days 72*735 at 13*7 75*338 


T. 

Conducting-power. 

ll-O 

72696 

57 0 

! 65*305 

100*0 

59085 


X=75*355 - 0*19437;f+0*0003167^. 


9. 

Silver, containing traces of gold (hard drawn). 
Length 1780 millims. ; diameter 0*648 millim. 
Conducting-power found before „ Beduced to 0°. 

heating the wire 70*847 at 10*4 72*717 

Ditto, after being kept at 100° 

for 1 day 71*205 at 1 1-3 73*249 

Ditto, for 2 days 70*951 at 13*5 73*389 

Ditto, for 3 days 70-929 at 13*5 73*366 


! 

Conduct inp-power. 

1 

ObsorTeil. 

Calculated. | 

ll37 

70*763 

; 

70746 j +0*017 

2421 

69*036 

69-044 1 -OtKlS 

39*25 

66 531 

66 555 -0*024 

54*43 

64*172 

64179 i -0007 

69*51 

61 977 

! 61*954 1 +0*023 

84*30 

59*923 

! 59*905 ! +0*018 

i 98*60 

58028 

58047 ! -0*019 

1 1 


X= 73*336 - 0*18447f-f 0*0002982#^. 


10 . 

Silver, containing minute traces of arsenic ( hard drawn). 

Length 1298 millims. ; diameter 0*376 millim. 
Conducting-power found before ^ Kedueed to 0°. 

heating the wire 83*119 at 14*0 88*931 

Ditto, after being kept at 100° 

fori day 86*795 at 9d) 89*285 

Ditto, for 2 days 87*881 at 7*4 89*949 

Ditto, for 3 days 87*091 at 10*0 89*869 


T. 

Conducting-power. 

ilo 

66*543 

56*0 

60*264 

1000 

54*987 

X =68*429- 

-0*16030^+0*0002588^^. 


T. 

C onducting-power. 

lio 

87029 

55*5 J 

76*185 

100*0 

67*767 


X=9O*O84-O*28442if-fO*O0O6125f^. 
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Table XXIL 



Impurity. 

Observed per- 
centage d^re- 

Conducting-power. 


ducting-power 

between 

0" and lOr. 

Oteerved at 0°. 

Calculated for 1 
the ppre metal | 
atO®. I 



27*66 » 

7-86 

8-53 

12-39 



Tin 


28-71 1 

12-03 

Tin 

Silver 

so-oot 

12-39 

11-98 

Gold (hard drawn) 

Copper 

21-87 + 

56-12 

8311 



26-41 

72-06 

83-24 

Cnpppi* ^ha rd drawn) 

Tin 

28-04 

92-50 

98-42 

Cnppftr (hard drawn) . . 


26-44 

86-49 

99-75 

Crtppi»r (hard drawn) .. . . 

Gold 

25- 90 J 

26- 50 1 

24-36 1 

8401 

99-64 

fJnppar (hard drawn) 

Silver 

89-54 

102-95 

Copper (hard drawn) 

Iron, nickel, lead, and suboiide of copper 

78-02 

100-43 

Cnpper (hard drawn) ...... 

iDitto 

24-66 

78-70 

99-67 

Copper (hard drawn) 

iLead, iron, antimony, and suboxide of copper. .. 

2830 

94-90 

99-67 

Silver (bard drawn) 

Lead 

19-64 

67-00 

113-64 

Silver (liard drawn) 

Tin 

21-59 

73-69 

111-33 

Silver (hard drawn) 

Gold .. . ' 

2109 

72-72 

112-79 

Silver (hard drawn) 

Copjicr 

i 23-17$ 

80-28 

no 39 

Silver (hard drawn) 

Copper 

I 26-51 + 

97-71 

112-28 

Silver (liard drawn) 

Minute traces of arsenic 

24-77 

88-93 

111-95 


On comparing the values in Table XXII. for the observed and calculated conducting- 
powers, it wili be seen that those calculated for the same metal agree very closely with 
each other, whereas those observed vary in some cases more than 20 per cent. From 
Table XXIII. it is evident that the deduced value for the conducting-power of gold and 
silver is much higher than that found by experiment ; on referring, however, to the paper 
on the influence of temperature on the conducting-power of metals (Table XVI.), it will 
be found that the percentage decrement in the conducting-power between 0° and 100° of 


Silver is . . . 

, . 28*44 

Copper is . . 

. . 29*69 

Gold is . . . 

. . 21*30 

Tiu is . . . 

. . 29*89 

Lead is . . . 

. . 29*61 


Let us now recalculate the deduced conducting-powers, using these values instead of 
the mean of those found for the pure metals (viz. 29*307), and we arrive at much 
better results. These are shown in Table XXIII. 


Table XXIII. 




Conducting-power at 0°. 

B«iuit»d from the 

impui^ mrials. 

Observed fear 
hard-drawn wires. 

Ol»erved for 
amoved wires. 

the obss-ved per- 
centage decrements. 

Lead 

8-53 




Tin 

12-19 



12-54 

Gold (hard drawn) 

83-17 

77-96 

79-33 

79-20 

Copper (hard drawn) ... 

100-06 

99-95 j 

102-21 

101-91 

Silver (hard drawn)..,... 

112-06 

100*00 

108*57 

107-43 


From Table XXTII. 


t Froin Table XTT . 

2j)2 


f From Table XIII. 
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The values in the last column were obtained as follows : take for instance that of 
gold. The mean deduced value (column 1) for its conducting-power at 0° was 83T7, 
under the supposition that the percentage decrement in its conducting-power between 0° 
and 100° was 29*307 ; the percentage decrement, however, found for pure gold was 28*30 ; 
we must therefore recalculate the deduced value to obtain a more concordant one, and 
this may be done with the help of the proportion 


First, 

then 
" ence 


P : F : : M,oo° : ML 


M, J'”‘ =58-S0. 


29*307:28*30:: 58*80 rMiooo; 


M',oo'==56*77, 


( 5 ) 


and therefore the deduced value at 0° 


79-20. 

Eeducing the others in the same manner, we are struck with the coincidence of these 
values with those really found for the annealed wires by experiment ; in fact we must 
assume that the values deduced for the conducting-power of metals are those of the 
■annealed wires, even when hard-draum ones are experimented with. "WTiat the deduced 
values for the conducting-power would be when using annealed wires of impure metals 
we are unable at present to say, for no determinations have been made in this direction. 
It must be remembered that the effect of annealing on the conducting-power of alloys 
is very small, so that the deduced values from those found for the annealed wires would 
not be very different from those deduced from the hard drawn, assuming, as we have 
done in the former part of this investigation, that the percentage decrement in the con- 
ducting-power between 0° and 100° of hard drawn and annealed is the same. 

Having thus proved that, by using the expression 

P:P'::M,o„o; M'looo, (6) 

we may deduce the conducting-power of the pure metal from the impure one, when the 
observ^ed values do not differ from those calculated by more than 20 to 30 per cent, 
we uill now proceed to give the results of some experiments with impure metals where 
the conducting-power of the same metals in a pure state has not yet been determined. 
Tables XXIV. and XXV. contain the results. 
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Table XXIV. 

1 . 

Platinum, commercial (hard drawn). 
Length S7\ millims. ; diameter 0*614 milUm. 
Conduetdng-power found before 


heating the wire ll-209atl6-6 

Ditto, a&r being kept at 100° 

fori day 11-212 at 15-6 

Ditto, for 2 days 11-174 at 16*7 

Ditto, for 3 days 1 1-159 at 16*8 


Reduced to 0°. 
11-720 

11-692 

11687 

11647 


T. 

Conducting-power. 

§0 

11-427 

54-5 

10-172 

100-0 

9-197 


X = 1 1 -708 - 0-031 875^-)-000006762^. 


2 . 


Platinum, commercial (hard drawn). 
Length 209 millims. ; diameter 0*243 millim. 


Conducting-power found before 

heating the wire 

Ditto, after being kept at 100° 

for 1 day 

Ditto, for *2 days 


Seduced to 0°. 
11-039 at 17-0 11-527 

11 -038 at 17-3 11-535 

11-022 at 17-6 11527 


T. 

1 

Conducting-power. 

lt-0 

11 239 

55-0 : 

10-072 

1004) 1 

9-141 


X= 1 1-530 - 0 02972U+0-00m827t\ 


Palladium, commercial (hard drawn). 


Length 167'5 millims. ; 
Conducting-power found before 

heating tiie wire 

Ditto, after being kept at 100 ' 

for 1 day 

Ditto, for 2 days 


diameter 0-379 millim. 

o Seduced to 0°. 
13-230 at 18-4 13-991 

13-295 at 17-5 14022 

13 322 at 16-9 14025 


T. 

Conducting-power. 

§-0 1 

i 13-645 

54-5 1 

1 11-954 

100-0 i 

, 10-658 


X = 14-026 ~ 0 043225 t-ftOOOOOgSiOi^. 

4. 

Palladium, commercial (hard drawn). 

■Length 218 millims. : diameter 0*409 millim. 
Conducting-power found before , Seduced to 0°. 

heating the wire . . 1 2-091 at 1 7-2 1 2-678 

Ditto, after teing kept at 100° 
for 1 day 12-087 at 17-6 12-684 


T. 

Conducting-power. | 

lS-0 

12 357 

55-0 

10-978 

100-0 1 

9-818 


Table XXIV. (continued). 


Magnesium, commercial. 

Length 717 millims. ; diameter 0-497 miOim . 


T. 

Conduetmg-power. 

150 

34-912 

575 

30312 

j 100-0 

26-922 

X =36-825- 

-0 13252!‘+0 0003349i!\ 


Magiiesiun tfrora Mr. E. Sonstadt). 
Length 628 millims. ; diameter 0-436 millim. 


Conducting-power found before 

heating the wire 

Ditto, after being kept at 100' 

for 1 day 

Ditto, for 2 days 


Seduced to 

38-062 at 11-0 39-662 

37-963 at 12-2 39-735 

37-918 at 12-6 39-747 


T. 

Conducting-power. 

l§-0 1 

37-881 

56-5 j 

32-442 

lOOO ! 

28-347 


X=39-765 -0-l497n-j-0 000335n^, 


7. 

Aluminium, commercial (hard drawn). 


Length 1351 millimB ; 
Conducting-power found before 

heating the wire 

Ditto, after being kept at 100° 

for 1 day 

Ditto, for 2 days 

Ditto, for 3 days 


diameter 0-511 millim. 

^ Seduced to 0' . 

50- 804 at 17-2 54-073 

51- 079 at 16-4 54-210 

51-146 at 15 7 54-145 

51 -035 at 16-4 54-163 


T. 

Conducting-power. 

12-0 

51910 

56-0 

44-542 

100-0 

38-938 


X =54-225 - 0 19843!‘+0-0004556^. 


AVuminiura, alloyed with 0*5 per cent, nickel 
(bard drawn). 


Conductiag-power found before 

heating the wire 

Ditto, after being kept at 100° 

for 1 day 

Ditto, for 2 days 


44-597 at 15-9 

44- 786 at 15-2 47-043 

45- 044 at 13-6 47-071 


Length 745 millims. ; diameter 0-415 millim, 

Seduced to O’. 
46 950 


T. 

Conducting-power. 

ilo 

44 986 

57-0 

39-325 

100-0 

34-785 


A = l2-704-0-(^443«-f 0-00007383^». 


X =47-071 ~01532l!‘-f 0-0003037^ 
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Table XXV. 



0 bserr^ percentage 
decrement in the 
conducting-power 
between 0®and 100°. 

CJondocting-power at 0°. 


MetaL 

Observed. 

Calculated 
for the pure metal. 



21-45 

11-72 

11-53 

17- 79 

18- 28 


18*(^ 

Blatinuin (2) 

90-73 


Palladium (3) 

24-01 

13-99 

18-35 


18-44 

PftHftdiiim (^41 

22-09 

12 68 

18-54 


WfljwtpsinTn (^51 

26-89 

36-82 

41-50 


44-17 

Magnesium (61 

28-72 

39-66 

40-85 


Aluminium (7) 

28-19 

54-07 

57-01 

55-12 


56-06 

Aluminium (8) 

26-10 

46 95 

i 


J 



[It is scarcely necessary to add, that in the same manner as the formulse for the cor- 
rection of conducting-power for temperature may in most cases be deduced w^here the 
composition and conducting-power of an alloy at any temperature are known, that for 
the correction of the conducting-power for temperature of an impure metal may also be 
calculated, using the conducting-power of the annealed metal for Xj, This is of 
practical importance ,* for in testing copper wire for telegraphic purposes, the formula for 
the correction of its conducting-power for temperature may be easily deduced, of course 
only in cases where the conducting-power is within the limits above stated. It has 
already been elsewhere shown that the conducting-power of commercial metals, copper 
for instance, varies considerably according to the state of its purity. Thus a specimen 
of Rio Tinto copper was found to conduct as follows : — 

Length 398 millims. ; diameter 0’331 naillim. 

Conducting-power foimd before , Eeduced to 0®. 

heating the wire 13 '480 at 16-6 13-622 

Ditto, after heating to 100® for 

1 day 13'473atl6'9 13-586 

Ditto, for 2 days 13'442 at 14'9 18'573 

Ditto, for 3 days 13-420 at 15'7 13'558 

Ditto, for 4 days 13*418 at 16-0 IS'558 


T. 

Conducting-power. 

ll-67 

13-429 

57-33 i 

13-064 

100-00 

12-713 


13'558-00088326^4-0'000003844<" 


which corresponds to a percentage decrement of only 6*23, whereas the conducting-power 
of pure copper decreases between 0° and 100^ C. 29*69 per cent — Feb. 1864.] 

Table XXVL contains a list of the conducting-powers of metals in a pure state. 
Those marked with a f are those deduced from the impure metals, and they may be 
called the prohahle values for the conducting-bowers of annealed wires of the metals. 
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Table XXVI. 



j Condueting-power at 0°. j 

MetaL 




Hard drawn. 

Pressed. 

j Annealed. 

Silver 

100*00 


1 108*57 

Copper 1 

Gold 

99*95 

77*96 


1 102 21 

79*33 




56*06t 

41*17t 

18-441 

18*03+ 

! 17*22t * 

i6-8It * 
13*1 It » 

Magnettum 

Zinc 

Cadmium 

Palladium 




29*02 

23*72 

Platinum 



Cobalt 



Iron 



Nickel 



Tin... 

Thallium - . - 


12*36 

9*16 

Lead 


8*23 


Arsenic 


4*76 


Antimony 

Bismuth 


4*62 



1245 


Gold-silver ailo'v 

156)3 






IV. Miscellaneous and general remarks. 

Ha\ing thus described the results obtained in this investigation, it only remains for 
ns to make a few general remarks on them. 

1. The percentage decrement in the conducting-power of alloys between 0^ and 100® 
is never greater than that of the pure metals composing them ; for on looking at 
Tables XI., XII., and XIII., we only find a few cases where the observed percentage 
decrement is greater than that of the pure metals composing the alloy, and in these the 
differences are so small that they are undoubtedly due to small errors in the observa- 
tions, for the differences between the percentage decrements are not greater than those 
obtained for different wires of the same metal. 

2. The conducting-power of alloys decreases with an increase of temperature. This, 
however, is not strictly true for all alloys, for we already know of some where this is 
not the case, viz. a few of the bismuth alloys. The results of our observations are given 
in the following Table — 

Table XX^^L 


fBi , containing 2*€7 volumes per cent, bismuth. 
Length 243 milUms. ; diametw 0*512 milHm. 

Gondncting- power found before ^ Eeduced to 0°. 

hating the wire 7*697 at 1 4*5 8*090 

Ditto, after being kept at 100° 
foj-lday 7*715 at 14-1 8*099 


T. 

Conducting-power. 

15*0 

7-693 

57*5 

i 6*875 

100*0 

5*860 


X =8*101 -0'0f80217#-f 0*00005619!?. 


The condndang-power found in Seduced to (f . 

a former research J was 7*03 at 2l*0 7*633 


* Philosophical Transactions, 1863. 
t Ibid. 1860, p. 161. 


2 . 

tBiPbjf, , containing 18*85 volumes per cent, bismuth. 

Length 122*5 millims. ; diameter 0*673 millim. 
Conducting-power found before p Eednced to 0°* 

heating the wire 4*4167 at 15*6 4*5799 

Ditto, after being kept at 100° 

for 1 day 4*4479 at 10*6 4*5.586 

Ditto, for 2 days 4*4378 at 1 1 *5 4*5577 

Ditto, for 3 days 4*4285 at 12*5 4*5587 


T. 

j Conducting-power. 

Difference. 

Ol^rved. 

Calculated. 

ll*97 

4*4240 

4*4226 

4.0*0014 

24*57 

4*3042 

4*3064 

~<h0022 

37*95 

4*1769 

4*1776 

-0 0007 

54*40 

4-mB 

4*0268 

40*0010 

69*48 

3-8973 

3*8961 

40*0012 

82*88 

3*7864 

3-7859 I 

40*0005 

94*43 

3*6942 

3*6954 j 

-0*0012 


X =4*55 76 - 0*01 OGOZt-f 0*00001 563!?. 


The conducting-power found m a o Eeduced to 0°. 

former r^earch was 4*35 at 20*9 4*565 
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Table XXVII. (continued). 


f Bi Pbg , containing 53*74 roluraes per cent, bismuth. 
Length 224 minims. ; diameter 0‘643 millim. 


Conducting-power. 


9l*6 

1-8543 

16*5 

2*0385 

12*5 

2*0346 

12 5 

2*0296 

93-8 

1*8539 

970 

1*8708 

12*8 

I 2*0683 

10*5 

I 2*0277. 

97*8 

1*8617; 

93-8 

1*8848; 

11*7 

2 0831* 


..Ist day. 

. .2nd day. 
10 1 

,>*4 15 3rd day. 


. 10. 

I 15 [3 
30 J 


>1 30. 

>5 10 Uth day. 


The conducting-power found in a former research was 
2-09 at 22 *2. 


4. 

fBi Siig , containing g5*04 volumes per t^nt. bismuth. 
Length 194 millims.; diameter 0*713 millim. 


T. 

Conductmg-power. 

9l*8 

h m 

5*3564 

5*4696 [ 1st day. 

6*7776^ 30 J 

88*4 

11*6 

7*5 

89-5 

92*9 

30. 

6*7511^ 

12-3 

10*3 : 

7*6086 3rd day. 


The conducting-power found in a former research was 
7*82 at 24°'9. 


f Bi 4 Pb, containing 90*28 volumes per cent, bismuth. 
Length 90-5 millims. : diameter 0*689 millim. 


Condueting-power. 


id-3 

94*4 

94*1 

133 

10-0 

94*6 

13*6 

60 

93-8 

940 

9-6 


h m 


— >3 0 


>2 O'! 

!^i 0] 

!”>4 0 1 3rd day. 
®>0 30 i 


0 5437" 
0*5413 


The conducting-power found in a former research was 
0 521 at 20 *0. 


These results need a little explanation ; on the fii'st two series no remarks are neces- 
sary’, but on the three last we will say a few words. On experimenting with a wire of 
Bi Pbg we observed nothing remarkable at first, but after making a series of observations 
at different temperatures up to 100°, on cooling the wire the same conducting-power 
was not obsen^ed for the same temperature as when heating ; at first we thought this 
was due to the wire being badly soldered, but on resoldering it the same results were 
obtained. In the Table the third series will read thus : at 96° *6 the conducting-power 
was found 1*8543 ; on cooling rapidly to 16°*5 it was found equal to 2*0386 ; on testing 
it the next morning at 12°*5 it was 2*0346, showing a loss in conducting-power, for it 
ought to have conducted better, as the temperature is lower ; on the third morning we 
find it still lower ; and on the same day, after being kept at 100° for about 4| hours, 
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it, on. being rapidly cooled, was 2-0683 at 12®* 8 , showing again an increment. On the 
fourth morning, at 10°‘5, it was 2-0275, and after being kept for 5 hours at 100° and 
rapidly cooled, it was 2-0837 at 11°*7. There must be, therefore, with some of .the 
bismuth alloys, some disturbing cause, which may act either in the one direction or the 
other, for on investigating the Bi Sng series the opposite effect is produced. This dis- 
turbing cause may be so great that, as in the case of Bi 4 Pb, it appears as if the conduct- 
ing-power increases with an increase of temperature. Other aUoys of bismuth and lead, 
rich in bismuth, give the same results. As yet, we have not had time to investigate 
thoroughly this curious property of the bismuth alloys ; we hope, however, to be able 
shortly to do so, as well as explain the reason of these remarkable exceptions to the law, 
that the conducting-power of alloys decreases with an increase of temperature. 

3 . Eespecting the parts the metals take in the conducting-power of their alloys, we 
ai*e at present unable to give any definite data ; we did hope at one time to have deduced 
them with the help of the results in this memoir. It is scarcely necessary to point out 
that in many cases the composition of the alloy may be deduced from its conducting- 
power in the same manner as it may be from its specific gravity ; for as 

Po ' Pc .- : XioQO i ?vj 00 o (1) 

then if Po and X,oo’ he determined, Pc being known (=29-307), can be calculated, 
and from it the relative amounts of the component metals for 

, xc-\- {\00—x)(/ 

10o“ ^ ’ 


where x represents the volumes per cent, of the one metal, ( 100 — .r) those of the other, 
and c and c' their conducting-power at 100 °. 

Thus the observ^ed conducting-power of the gold-silver alloy at 100° is 14-05, and its 
percentage decrement G-49, 


14-05 X 29-307 
■ 6-49 


=63-45, 


therefore 

„„ 71-56% + 55-90*{100-2'} 




755=15-66ar, 

48-20=^. 


The amount of silver in the alloy was 47-92 volumes per cent. Again, the platinum- 
silver alloy, containing 19 '65 volumes per cent, platinum, conducts at 100^ 6-49, and 
loses in conducting-power between 0° and 100° 3*10 per cent. ; calculatii^ in the same 
manner the percentage amount of silver, we find it equal to 82*67 instead of 80-35. 
The values deduced for the percentage amounts only agree in a few cases well with 
those found by analysis, as slight errors in the determinations materially affect them ; 
for instance, if the condncting-power of the gold-silver alloy were equal to 14 '20 at 100 ° 

* Observed conducting-power of silver and gold at 100° (Philosophical Transactions, 1862, p, 24). 
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instead of 14*05, the volumes per cent, of silver deduced from that value would be 
52*62 instead of 48*20, the value calculated Horn the latter number. 

4. It may be as well to state in a few words how we determine to which class a metal 
belongs, whether to the lead, tin, &c., or to the gold-silver, &c. class ; to do this it is only 
necessary to alloy the metal mth traces of lead, tin, &c., and if the conducting-power 
be equal to that of the mean of the components, we say it belongs to the lead class ; if, 
on the contrary, the alloy has a lower conducting-power than the mean of the compo- 
nents, we say it belongs to the gold-silver, &;c. class. These are only some of one series 
of alloys which have a higher conducting-power than the mean of their components, 
and these are the amalgams. 

Table XXVIII. shows that the new metal thallium belongs to the gold-silver, &c. 
class. 


Table XXVIII. 

1 . 

Thallium, containing 5 per cent., by weight, tin. 
Length 188 millims. ; diameter 0*443 millim. 
Conducting-power found before „ Eeduced to 0°. 

heating the wire 8*196 at 12*6 8*522 

Ditto, after being kept at 100® 

fori day 8131 at 12*6 8*455 

Ditto, for 2 days 8*097 at 9*8 8*347 

Ditto, for 3 days 8*111 at 9*6 8*356 


1 T. 

Conducting-power. 

i 

10*0 

8*100 

55*0 ! 

7*093 : 

100*0 

6*313 1 


X= 8*355 -0'026075/d-0*00005654^-. 


Table XXVIII. (continued). 

2 . 

Thallium, containing 5 per cent., by weight, cadmium. 

Length 163 millims. ; diameter 0*431 millim. 
Conducting-power found before ^ Reduced to 0“ 

heating the wire 8*670 at 14*4 9*141 

Ditto, after being kept at 100° 
fori day 8*744 at 12*8 9*168 


i T. 

Conducting-power. 

' 1§0 

8*737 

: 56*5 

7*454 

100*0 

6*398 1 


X=9*165 - 0*033663^+0*00005998^-. 


These alloys were not analyzed, the 5 per cent, of foreign metal being added to the 
thallium fused under cyanide of potassium. From the results it will be seen that they 
both conduct in a lower degree than the mean of their components ; for both cadmium 
and tin conduct better than thallium, the conducting-power at 0° of cadmium being 
23*72, and that of tin being 12*36. 

5. In conclusion, we would point out that the law which we have deduced from our 
experiments only holds good in cases where the alloy may be considered a solution of one 
metal in the other, the metals belonging to the same class ; when the alloy is composed 
of metals of the two classes, then the law no longer holds good (except for a few of the 
alloys), even if the alloy be a solution of the one metal in the other. The results which 
we have obtained and described in this memoir fully bear out the riews put forward in 
a former one regarding the chemical nature of the alloys*. 


* Fbiiosopliical Transactions, 1860, p. 161. 
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V. On the Ahso^tion and Badiutim of Heat hy Gaseous and Liquid Jfaffer.— Fourth 
Memoir. By John Tyndall, F.B.S., Member of the Academies and Societies of 
Holland^ Geneva^ Gottingen^ Zurich^ Halle^ Marburg^ Breslau^ Upsala, la Societe 
Philomathique of Paris^ Cam. Phil. Soc. Ac . ; Professor of Natural Philosoj)hy in 
the Boyal Institution. 


Keceived June 18, — Read June 18, 18G3, 


§ 1 . 

The Royal Society has already done me the honour of publishing in the Philoso- 
phical Transactions three memoirs on the relations of radiant heat to the gaseous form of 
matter. In the first of these memoirs* it was shown that for heat emanating from the 
blackened surface of a cube filled with boiling water, a class of bodies which had been 
preriously regarded as equally, and indeed, as far as laboratory experiments went, per- 
fectly diathermic, exhibited vast differences both as regards radiation and absorption. 
At the common tension of one atmosphere the absorptive energy of olefiant gas, for 
example, was found to be 290 times that of air, while when lower pressures were 
employed the ratio was still greater. The reciprocity of absorption and radiation on 
the part of gases was also experimentally established in this first investigation. 

In the second inquiryf I employed a different and more powerful source of heat, my 
desire being to bring out w ith still greater decision the differences which revealed them- 
selves in the first investigation. By carefully purifying the transparent elementary 
gases, and thus reducing the action upon radiant heat, the difference between them 
and the more strongly acting compound gases was greatly augmented. In this second 
inquiry, for example, olefiant gas at a pressure of one atmosphere was shown to possess 
970 times the absorptive energy of atmospheric air, while it was shown to be probable 
that when pressures of ^th of an atmosphere were compared, the absorption of olefiant 
gas was nearly 8000 times that of air. A column of ammoniacal gas, moreover, 3 feet 
long, was found sensibly impervious to the heat employed in the inquiry, while the 
vapours of many of the volatile liquids were proved to be still more opaque to radiant 
heat than even the most powerfully acting permanent gases. In this second investigation, 
the discovery of dynamic radiation and absorption is also announced and illustrated, and 
the action of odours and of ozone on radiant heat is made the subject of experiment. 

* Philosophical Transactions, Fehmary 1861 ; and Philosophical Magazine, September 1861. 
t Philosophical Transaction, January 1862; and Philosophical Magazine, October 1862. 
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The third paper* of the series to which I have referred was devoted to the exami- 
nation of one particular vapour, which on account of its universal diffusion possesses 
an interest of its own — I mean of course the vapour of water. In this paper I con- 
sidered all the objections which had been urged against my results up to the time when 
the paper was written ; I replied to each of them by definite experiments, removing 
them one by one, and finally placing, as I believe, beyond the pale of reasonable doubt 
the action of the aqueous vapour of our atmosphere. In this third paper, moreover, 
the facts established by experiment are applied to the explanation of various atmo- 
spheric phenomena. 

I have now the honour to lay before the Eoyal Society a fourth memoir, containing 
an account of further researches. Hitherto I have confined myself to experiments on 
radiation through gases and vapours which were introduced in succession into the same 
experimental tube, the heat being thus permitted to pass through the same thickness of 
different gases. A portion of the present inquiry is devoted to the examination of the 
transmission of radiant heat through different thicknesses of the same gaseous body. 
The brass tube with which my former experiments were conducted is composed of 
several pieces, which are screwed together when the tube is to be used as a whole ; 
but the pieces may be dismounted and used separately, a series of lengths being thus 
attainable, varying from 2*8 inches to 49*4 inches. I wished, how^ever, to operate upon 
gaseous strata much thinner than the thinnest of these, and for this purpose a special 
apparatus was devised, and with much time and trouble rendered at length practically 
effective. 


Fig. 1. 



The apparatus is sketched in fig. 1. C is the source of heat, which consists of a plate 
of copper against the back of which a steady sheet of flame is caused to play. The 
plate of copper forms one end of the chamber F (the “ front chamber ” of my former 
memoirs). This chamber, as in my previous investigations, passes through the vessel 

* Philosophical Transactions, December 1862 ; and Philosophical Magazine, July 1 863. 
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V, through which cold water continually circulates, entering at the bottom and escaping 
at the top. The heat is thus prevented from passing by conduction from the source C 
to the first plate of rock-salt S. This plate forms the end of the hollow cylinder A B, 
dividing it from the front chamber F, with which the cylinder A B is connected by 
suitable screws and washers. Within the cylinder A B moves a second one, 1 1, as an 
air-tight piston, and the bottom of the second cylinder is stopped by the plate of rock- 
salt S'. This plate projects a little beyond the end of its cylinder, and thus can be 
brought into flat contact with the plate S. Fixed firmly to A B is a graduated strip of 
brass, while fixed to the piston is a second strip, the two strips forming a vernier, v v. 
By means of the pinion R, which works in a rack, the two plates of salt may be separated, 
their exact distance apart being given by the vernier. P is the* thermo-electric pile with 
its two conical reflectors ; C' is the compensating cube, employed to neutralize the radia- 
tion from the source C. H is an adjusting screen, by the motion of which the neu- 
tralization may be rendered perfect, and the needle brought to zero under the influence 
of the two opposing radiations. The graduation of the vernier was so arranged as to 
permit of the employment of plates of gas varying from 0*01 to 2*8 inches in thickness. 
They were afterwards continued with the pieces of the experimental tube, already re- 
ferred to, and in this way layers of gas were examined which varied in thickness in the 
ratio of 1 : 4900. 

In my foimer experiments the chamber F was always kept exhausted, so that the rays 
of heat passed immediately fr*om the source through a vacuum ; but in the present 
instance I feared the strain upon the plate S, and I also feared the possible intrusion of a 
small quantity of the gas under examination into the front chamber F, if the latter were 
kept exhausted. Having established the fact that a length of 8 inches of dry air exerts 
no sensible action on the rays of heat, I had no scruple in filling the chamber F with dry 
air. Its absorption was nil, and it merely had the effect of lowering in an infinitesimal 
degree the temperature of the source. The tw^o stopcocks c and c' stand exactly opposite 
the junction of the two plates of salt S, S' when they are in contact, and when they are 
drawn apart these cocks are in communication with the space between the plates. 

After many trials, the following mode of experiment was adopted : — ^The gas-holder 
containing the gas to be examined was connected by an india-rubber tube with the 
cock c', the other cock c being at the same time left open. The piston was then moved 
by the screw R until the requisite distance between the plates was obtained. This 
space being filled with dry air, the radiations on the two faces of the pile were equalized, 
and the needle brought to zero. The gas-holder was now opened, and by gentle pressure 
the gas from the holder was forced first through a drying apparatus, and then into the 
space between the plates of salt. The air w^as quickly displaced, and a plate of the gas 
substituted for it. If the layer of gas possessed any sensible absorbing power, the equi- 
librium of the two sources of heat would be destroyed the source C' w'oiild triumph, and 
from the deflection due to its preponderance the exact amount of heat intercepted by 
the gas could be calculated. 
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When oxygen, hydrogen, or nitrogen was substituted for atmospheric air, no change 
in the position of the galvanometer-needle occurred ; but when any one of the com- 
pound gases was allowed to occupy the space between the plates, a measurable 
deflection ensued. The plates of rock-salt were not so smooth, nor was their parallelism 
so perfect as entirely to exclude the gas when they were in contact. The contact was 
but partial, and hence a stratum of gas sufficient to effect a sensible absorption could 
find its way between the plates even when they touched each other. On this account 
the first thickness in the following Tables was reaUy a little more than O’Ol of an inch. 
The first column in each contains the thickness of the gaseous layer, while the second 
column contains the absorption expressed in hundredths of the total radiation. The 
first layer of carbonic oxide, for example, absorbed 0*2, and the second layer 0'5 per 
cent, of the entire heat. 


Table I. — Carbonic Oxide. 


Thickness of gas. 

Absorption in 
hundredths of the 
total radiation. 

Thickness of gas. 

Absorption in 
hundredths of the 
total radiation. 

0-01 of 

an inch 

... 0-2 

0*4 of an inch 

... 3*5 

0*02 


... 0*5 

0-5 

. . . 3'8 

0‘03 

j? 

. . . 0‘7 

0-6 

... 4-0 

0-04 


... 0-9 

1-0 

... 5*1 

0*06 

>5 

... 1*4 

1-5 

... 61 

0-1 

?? 

... 1-6 

2-0 

... 6-8 

0*3 

5? 

... 3-0 





Table 11. — Carbonic Acid. 


Thickness of gas. 

Absorption in 
hundredths of the 
total radiation. 

Thickness of gas. 

Absorj>tion in 
hundredth.^ of the 
total radiation. 

O’Ol of an inch 

. . . 0-86 

0-4 of an inch 

... 5*3 

0-02 


... 1-2 

0-5 

... 5*7 

0-03 


... 1-5 

0-6 

. . . '6*9 

0-04 

3J 

... 1-9 

0’7 

... 6-0 

0-05 


... 2*1 

0-8 

... 61 

0-06 

J? 

... 2-3 

0-9 

. . . 6’2 

0-1 


... 3*3 

1-0 

... 6-3 

0-2 

55 

... 4-1 

1-5 

... 7-0 

0-3 

55 

... 4*8 

2-0 

. . . 7'6 
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Table III. — ^Nitrous Oxide. 


Thickness of gas. 

Absorption in 
hundredths of the 
total radiation. 

Thickness of gas. 

Absorption in 
hundredths of tire 
total radiation. 

0-01 

of an inch 

. . . 1*48 

0*4 of an inch 

. . 9 ' 10*20 

0-02 

» 

. . . 2-33 

0*5 

5? 

. . . 11*00 

0-03 

>5 

. . . 3*80 

0*6 

JJ 

. . . 11-70 

0*04 

5J 

. . . 4-00 

0-8 

9? 

. . . 12-17 

0*05 

?5 

. . . 4*20 

1*0 

99 

. , . 12*80 

0*1 

ii 

. . . 6-00 

1*5 

99 

. . . 14*20 

0*2 


. . . 7*77 

2*0 

99 

. . . 15*7 



Table IV.— ' 

Olefiant Gas. 



Thickness of gas. 

Absorption in 
hundredths of the 
total radiation. 

Thickness of gas. 

Absorption in 
hundredths of the 
total radiation. 

O'Ol of an inch 

. . . 1-80 

0*5 of an inch 

. . . 23-30 

0-02 

5? 

. . . 3-08 

1*0 

99 

. . . 26*33 

0*05 


. . . 5'37 

2*0 

99 

. . . 32*80 

01 

It 

. . . 9-14 





We here find that a layer of olefiant gas only 2 inches in thickness intercepts nearly 
33 per cent, of the radiation from our source. Supposing our globe to be encircled by 
a shell of olefiant gas only 2 inches in thickness, this shell would offer a scarcely 
sensible obstacle to the passage of the solar rays earthward, but it would cut off at least 
33 per cent, of the terrestrial radiation and in great part return it. Under such a canopy, 
trifling as it may appear, the surface of the earth would be kept at a stifling temperature. 
The possible influence of an atmospheric envelope on the temperature of a planet is 
here forcibly illustrated. 

The only vapour which I have examined with the piston apparatus is that of sulphuric 
ether. Glass fragments were placed in a U-tube and wetted with the ether. Through 
this tube dry air was gently forced, whence it passed, vapour-laden, into the space 
between the rock-salt plates S S'. The following Table contains the results. 


Table V. — ^Air saturated with the Vapour of Sulphuric Ether. 


Thickness of vapour. 

0’05 of an inch 

0-1 

0-2 

0-4 


Absorption in 
hundredths of the 
total radiation. 

, . 2-07 

, . 4*6 

, . 8-7 

. 14-3 


Thickness of vapour. 
0*8 of an inch 

1-5 „ 

20 „ 


Ateorption in 
hundredths of the 
total radiation. 

. 21-0 
. 34-6 
. 35-1 
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Comparing these .results with those obtained with olefiant gas, we find for thick- 
nesses of 0*05 of an inch and 2 inches respectively the following absorptions : — 

Olefiant gas. Snlpliuric ether. 

Thickness of 0*05 . . . 5*37 Thickness of 0*05 . . . 2*07 

Thickness of 2 inches . . 32*80 Thickness of 2 inches . . 35*1 

Sulphuric ether vapour, therefore, commences with an absorption much lower than 
that of olefiant gas, and ends with a higher absorption. This is quite in accordance 
with the result established in my second memoir*, that in a short tube the absorption 
effected by the sparsely scattered molecules of a vapour may be less than that of a gas at 
a tension of an atmosphere, while in a long tube the gas may be exceeded by the 
vapour. The deportment of sulphuric ether indicates what mighty changes of climate 
might be brought about by the introduction into the earth’s atmosphere of an almost 
infinitesimal amount of a powerful vapour. And if aqiieous vapour can be shown to be 
thus powerful, the effect of its withdrawal from our atmosphere may be inferred. 

§ 2 . 

The experiments with the piston apparatus being completed, greater thicknesses of 
gas were obtained by means of the composite brass experimental tube already referred 
to. The arrangement adopted was, however, peculiar, being expressly intended to check 
the experiments, which were for the most part made by my assistants. The source of 
heat and the front chamber remained as usual ,* a plate of rock-salt dividing, as in my 
previous investigations, the front chamber from the experimental tube. The distant end 
of the tube was also stopped by a plate of salt ; but instead of permitting the tube to 
remain continuous from beginning to end, it was dirided, by a third plate of rock-salt, 



into two air-tight compartments. Thus the rays of heat from the source had to pass 
through three distinct chambers, and through three plates of salt. The first chamber 


* Philosophical Transactions, Part I. 1862 j and Philosophical Magazine, vol. xxiv. p. 343. 
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was always kept filled with perfectly dry air, while either or both of the other chambers 
could be filled at pleasure with the gas or vapour to be examined. For the sake of 
convenience I will call the compartment of the tube nearest to the front chamber the 
chamber, the compartment nearest to the pile the second chamber; the term 
‘ front chamber’ being, as before, restricted to that nearest to the source. The arrange- 
ment is sketched in outline in fig. 2. 

The entire length of the tube was 49-4 inches, and this was maintained throughout the 
whole of the experiments. The only change consisted in the shifting of the plate of salt 
S' which formed the partition between the first and second chambers. Commencing with 
a first chamber of 2*8 inches long, and a second chamber 46*4 inches long, the former was 
gradually augmented, and the latter equally dimitiished. The experiments were executed 
in the following manner : — The first and second chambers were thoroughly cleansed and 
exhausted, and the needle brought to zero by the equalization of the radiations fallmg 
upon the opposite faces of the pile. Into the first chamber the gas or vapour to be 
examined was introduced, and its absorption determined. The first chamber was then 
cleansed, and the gas or vapour was introduced into the second chamber, its absorption 
there being also determined. Finally, the absorption exerted by the two chambers 
acting together was determined, both of them being occupied by the gas or vapour. 

The combination here described enabled me to check the experiments, and also to trace 
the influence of the first chamber on the quality of the radiation. In it the heat was 
more or less sifted, and it entered the second chamber deprived of certain constituents 
which it possessed on its entrance into the first. On this account the quantity absorbed 
in the second chamber when the first chamber is full of gas, must always be less than it 
would be if the rays had entered without first traversing the gas of the first chamber. 
From this it follows that the sum of the absorptions of the tw^o chambers, taken sepa- 
rately, must always exceed the absorption of the tube taken as a whole. This may be 
briefly and conveniently expressed by saying that the sum of the absorptions exceeds the 
absorption of the sum. 

Table VI. — Carbonic Oxide. 



length. 


Absorption per 100. 




Ist Chamber. 2nd Chamber. 

r 

Ist Chamber. 

2nd Chamber. Both Chambers. 

2-8 

46-6 

6*8 

12-9 

12-9 

8-0 

41-4 

9*6 

12*2 

12-9 

12-2 

37*2 

10-7 

12-2 

12-9 

154 

340 

10-9 

12*2 

13-4 

17-8 

31-6 

111 

12*0 

13-3 

36-3 

13'1 

12-6 

10-3 

13*4 
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Tablb VII. — (M)oiiic Acid. 

Absorption per 100. 


/ 

1st Chamber. 

A 

2nd Chamber. 

Ist Chamber. 

2nd Chamber. 

Both Chambeora. 

2*8 

46*6 

8*6 

13*8 

13*3 

8*0 

41*4 

9*9 

12*7 

13*0 

12*2 

37*2 

11*0 

11*4 

13*0 

15*4 

34*0 

IH 

12*1 

13*9 

23*8 

25*6 

11*7 

11*4 

13*1 

23*8 

25*6 

11*2 

11*2 

12*6 

23*8 

25*6 

10*4 

10*5 

12*0 

36*3 

13*1 

11*6 

10*0 

12*3 


Various causes have rendered these experiments exceedingly laborious. Could I have 
procured a sufficiently large quantity of gas in a single holder for an entire series of 
experiments it would not have been difficult to obtain concurrent results, but the slight 
variations in quality of the same gas generated at different times tell upon the results and 
render perfect uniformity extremely difficult to obtain. The approximate constancy of 
the numbers in the third column is, however, a guarantee that the detenninations are 
not very wide of the truth. Irregularities, however, are revealed. Some remarkable ones 
occur in the case of carbonic acid, with the chambers 23-8 and 25*6 ; the absorptions in 
the first chamber varying iu this instance from 11*7 to 10*4, and in the second chamber 
from 11*4 to 10*5, and in both chambers from 13*1 to 12*0. The gas which gave the 
largest of these results was generated from marble and hydrochloric acid ; the next was 
obtained from chalk and sulphuric acid, and the gas which gave the smallest result was 
obtained from bicarbonate of soda and sulphuric acid. The slight differences accom- 
panying these different modes of generation made themselves felt in the manner recorded 
in the Table. 

Table VIII. — Nitrous Oxide. 


Length. 

, A 

1st Chamber. 2nd Chamber, 


2-8 46-6 

12-2 37-2 

15-4 84-0 

17-8 31-6 


ist Chamber. 
16*1 
23*1 
23*6 
26*2 


Absorption per 100. 

ind Chamber. Both Chambers. 


82-9 33-9 

30-0 32-0 

29-6 32-0 

29-6 32-7 


The differences arising from different modes of generation are most strikingly illus- 
trated by the powerful gases. My friend Dr. Frakklaxi), for example, was kind enough 
to superintend for me the formation of a large holder of olefiant gas by the so-caUed 
‘‘continuous process,” in which the vwpour of alcohol is led through sulphuric acid 
diluted with its own volume of water ; the following results were obtained : — 
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Table IX. — Olefiant Gas. 

LraigBi. Absorption per 100. 


let CStamber. 

2ad Chamber. 

let Chamber. 

2nd Chamber. Both 

2’8 

46*6 

34*6 

66*1 

8-0 

41*4 

44*2 

65*3 

15*4 

34*0 

53*6 

62-3 



Considering the difficulty of the experiments, the agreement of the absorption of 
both chambers, the sum of which was the constant quantity 49*4 inches, must be re- 
garded as satisfactory. This is the general character of the results as long as we adhere 
to the same gas. Olefiant gas generated by mixing the liquid alcohol with sulphuric acid 
and applying heat to the mixture, gave the results recorded in the following Table : — 


Table X. — Olefiant Gas. 


I.ength. 





Absorption per 

100. 

1st Chamber, 2nd Chamber. 

1st Chamber. 

2nd Chamber. 

Both Chamhers. 

12*2 

37*2 

54*8 

o 

o 

76*3 

15*4 

34*0 

59*1 

72*7 

77*1 

19*8 

29*6 

67*8 

70*4 

77*0 

23*8 

25*6 

69*2 

70*2 

77*6 

36*3 

13*1 

72*8 

60*3 

78*8 


The absorptions of both chambers in this Table are almost exactly 10 per cent, higher 
than those found with the gas generated under Dr. Fe^ixxlas'd’s superintendence. 

A few remarks on these results may be introduced here. In the case of carbonic oxide 
(Table VI.), we see that while a length of 2*8 inches of gas is competent, when acting 
alone, to intercept 6 '8 per cent, of the radiant heat, the cutting off of this length from 
a tube 49*4 inches long, or, what is the same, the addition of this length to a tube 46 '6 
inches long, makes no sensible change in its absorption. The second chamber absorbs as 
much as both. The same remark applies to carbonic acid, and it is also true within the 
limits of error for nitrous oxide and olefiant gas. Indeed it is only when 8 inches or 
more of the column have been cut away that the difference begins to make itself felt. 
Thus, in carbonic oxide, the absorption of a length of 41-4 being 12*2, that of a chamber 
49'4, or 8 inches longer, is only 12'9, making a difference of only 0*7 per cent., while 
tho same 8 inches acting singly on the gas produces an absorption of 9*6 per cent. So 
also with regard to carbonic acid; a tube 41*4 absorbing 12*7 per cent., a tube 49*4 
absorbs only 13*0 per cent. — making a difference of only 0*3 per cent. As regards olefiant 
gas (Table IX.), while a distance of 8 inches acting singly effects an absorption of 44 per 
cent., the addition of 8 inches to a tube already 41*4 inches in length raises the absorp- 
tion only jfirQiii 65*3 to 67*5, or 2*2 per cent. The reason is plain. In a length of 41*4 
the rays capable of being absorbed by the gas are so much diminished, so few in fact 
remain to be attacked, that an additional 8 inches of gas produces a scarcely sensible 
effect. Similar considerations explain the fact, that while by augmenting the length of 

2f2 
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the first chamber from 2*8 inches to 15*4 inches we increase the absorption of olefiant gas 
nearly 20 per^cent., the shortening of the second chamber by precisely the same amount 
effects a diminution of barely 4 per cent, of the absorption. All these results conspire to 
prove the heterogeneous character of the radiation from a source heated to about 250° C. 

The sum of the absorptions placed side by side with the absorption of the sum ex- 
hibits the influence of sifting in an instructive manner. Tables VI., VII., VIII., EX., 
and X., thus treated, give the foUovring comparative numbers : — 

Table XI. — Carbonic Oxide. 


Length of Chambers. 

Sum of Absorptions. 

Absorption of Sum. 

2*8 

46*6 

19*7 

12*9 

8*0 

41*1 

21*8 

12*9 

12*2 

37*2 

22*9 

12*9 

15*4 

34*0 

23*1 

13*4 

17*8 

31*6 

23*1 

13*3 

36*3 

13*1 

22*9 

13*4 



Means 22*3 

13*1 


Table XII. — Carbonic Acid. 

Length of Chambers. 

Sum of Absorptions. 

Absorption of Sum. 

2*8 

46*6 

22*4 

13*3 

8*0 

41*4 

22*6 

13*0 

12*2 

37*2 

22*4 

13*0 

15*4 

34*0 

23*9 

13*9 

23*8 

25*6 

23*1 

13*1 

36*3 

13*1 

21*6 

12*3 



Means 22*6 

13*1 


Table XIII. — Nitrous Oxide. 

Length of Chambers. 

Sum of Absorptions. 

Absorption of Sum. 

28 

46*6 

49*0 

33*9 

12*2 

37*2 

53*1 

32*0 

15*4 

34*0 

53*2 

32*0 

17*8 

31*6 

65*8 

32*7 



Means 62*8 

32*7 


Table XIV. — Olefiant Gas. 


Length of Chambers. 

Sum of Absorptions. 

Absorption of Sum. 

2*8 

46*6 

100*7 

67*7 

8*0 

41*4 

109*5 

67*5 

12*2 

37*2 

109*4 

65*0 

15*4 

34*0 

115*9 

67*0 


Means 108*9 


66*8 
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Table XV. — Olefiant Gas. 


LeagtL 

12-2 

of Chambers. 

37*2 

Sum of Absorptious. 

124-8 

Absorption of Sum. 

76-3 

15*4 

34-0 

131-8 

771 

19-8 

29-6 

138-2 

77-0 

23-8 

25*6 

139-4 

77-6 

36-3 

131 

133-1 

78-8 



Means 133-4 

77-3 


The conclusion that the sum of the absorptions is greater than the absorption of the 
sum is here amply verified. The Tables also show that the ratio of the sum of the 
absorptions to the absorption of the sum is practically constant for all the gases. 
Dividing the first mean by the second in the respective cases, we have the following 


quotients : — 

Carbonic oxide . 1*70 

Carbonic acid 1*72 

Nitrous oxide 1*61 

Olefiant gas (mean of both) 1’68 


The sum of the absorptions ought to be a maximum when the two chambers are of 
equal length. Supposing them to be unequal, one being in excess of half the length of 
the tube, let us consider the action of this excess singly. Placed after the half-length, it 
receives the rays which have already traversed that half; placed after the shorter length, 
it receives the rays which have traversed the shorter length. In the former case, there- 
fore, the excess will absorb less than in the latter, because the rays in the former case 
have been more thoroughly sifted before the heat reaches the excess. From this it 
is clear that, as regards absorption, more is gained by attaching the excess to the short 
length of the tube than to the half-length ; in other words, the sum of the absorptions, 
when the tube is divided into two equal parts, is a maximum. This reasoning is approxi- 
mately verified by the experiments. Supposing, moreover, one of the lengths constantly 
to diminish, we thus constantly approach the limit when the sum of the absorptions and 
the absorption of the sum are equal to each other, the former being then a minimum. 
The effect of proximity to this limit is exhibited in the first experiment in each of the 
series ; here the lengths of the compartments are very unequal, and the sum of the 
absorptions is, in general, a minimum. 

After the absorption by the permanent gases had been in this way examined, I passed 
on to the lamination of vapours. They were all used at a common pressure of 0*5 of 
an inch of mercury, or about ^th of an atmosphere. The liquid which yielded the 
vapour was enclosed in the flasks described in my previous memoirs, and the pure 
vapour was allowed to enter the respective compartments of the experimental tube 
without the slightest ebullition. The following series of Tables contains the results thus 
obtained. 
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Table XVI. — Bisulphide of Carbon. Pressure 0 *5 of an inch. 



Ler^di. 

' 


Absorption 100. 


r - - ^ 

1st Oiamber. 2iid Chamber. 

r " 

1st Chamber. 

2nd Chamber. Bodi Chmnlwrs. 

2-8 

46-6 

3*6 

7*6 

7*6 

8-0 

41*4 

4*4 

7*3 

7*6 

15-4 

340 

5*7 

6*0 

7*5 

17-8 

31-6 

5*8 

6*4 

7*5 

23*8 

25-6 

6*7 

6*0 

7*8 


Table XVII.— 

-Chloroform. Pressure 0*5 of an inch. 



Length. 


Absorption per 100. 

V. 


^ 

1st Chamber. ^ad Chamber, 

1st Chamber. 

2nd Chamber. Both Chambers. 

2*8 

46-6 

5*5 

15*9 

16*3 

8-0 

41*4 

9*2 

15*6 

16*8 

12-2 

37*2 

10*5 

14*8 

17*1 

15-4 

34*0 

11*6 

14*1 

16*9 

23-8 

25*6 

15*0 

14*0 

18*4 

36*3 

13*1 

15*6 

10*9 

17*2 


Table XVIII. — Benzol. Pressure 0*5 of an inch. 



Length, 

A 


Absorption per 100. 


1st Chamber. 2ad Chamber. 

/ n 

let Chamber. 

2nd Chamber. Both Chambers. 

2-8 

46*6 

4*0 

20*0 

20*6 

8-0 

41*4 

8*4 

17*3 

20*4 

12-2 

37*2 

9*8 

16*5 

19*0 

17-8 

31*6 

11*9 

15*7 

20*1 

23-8 

25*6 

14*3 

151 

21*0 


Table XIX. — Iodide of Ethyl, Pressure 0*5 of an inch. 


Length. 


Absorption per lUU. 

- 


Ist Chamber. 2iid Chamber. 

let Chamber. 

2nd Chamber. Both Chambers. 

2'8 

46*6 

7*1 

23*5 

25*4 

8-0 

41*4 

9*1 

21*1 

23*3 

12-2 

37*2 

12*8 

20*5 

25*2 

15-4 

34-0 

14*6 

20*8 

25*2 

17*8 

31*6 

15*8 

20*0 

25*5 


Table XX,- 

-Alcohol. Pressure 0*6 of an inch. 



Length. 


Absorption per 100. 

A 


1st Chamber. 2iid Chamber. 

Ist Chamber. 

2nd Chamber. Both Chambers. 

2-8 

46*6 

11*7 

46*1 

46*1 

8-0 

41-4 

18*6 

43*6 

47*0 

12'2 

37*2 

26*0 

44*1 

47*5 

16-4 

34*0 

32*1 

41*1 

47*0 

17-8 

31*6 

32*4 

40*0 

47*6 
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Tibbe XXI, — ^Alcohol. Pressnre 0*1 of an mcii. 



A 


Absorptbn per 100. 

Ist CliMnber. 2iid Chamber. 

r 

1st Chamber. 

2nd Chamber. 

Both Chambers. 

8*0 

41*4 

8*0 

22*2 

24-§ 

15*4 

34*0 

12*1 

200 

24'7 

17*8 

316 

13*1 

19*7 

25-7 

23*8 

25*6 

14*8 

18*4 

25-2 

36*3 

13*1 

19*1 

13*8 

251 


Table XXn. — Sulphuric Ether. Pressure 0*5 of an inch. 


Length. 


Absorption per 100. 

A 

r 

1st Chamber. 2nd Chamber, 

ist Chamber. 

2nd Chamber. 

Both Chambers. 

2-8 

46‘6 

14*8 

50*0 

51*6 

8*0 

41-4 

23*9 

51-0 

53*9 

12*2 

37*2 

30*9 

48*8 

53-6 

15*4 

34*0 

34*0 

47*8 

53*1 


Table XXIII.- 

-Acetic Ether. Pressure 0*5 of an inch. 


Length. 




Absorption per 100. 

-V 

r 

1st Chamber, 2nd Chamber. 

1st Chamber. 

2nd Chamber. 

Both Chambers. 

2-8 

46*6 

170 

60*2 

62*9 

8-0 

41-4 

30*7 

58*1 

64-6 

12*2 

37-2 

41*6 

55*1 

64*2 

15-4 

340 

444 

55*5 

62*4 

23*8 

25-6 

50*9 

52*7 

64*7 

36*3 

13*1 

58*1 

42*6 

64*8 


Table XXIY.- 

■Formic Ether. Pressure 0*5 of an inch. 


Length. 


Absorption per 100. 


^ 


A 


r 

1st Chamber. 2nd Chamber. 

r 

1st Chamber. 

2nd Chamber. 

Both Chambers. 

2*8 

46*6 

17*4 

63*0 

64*4 ‘ 

8*0 

41*4 

33*3 

59*1 

63*4 

17*8 

31*6 

40*0 

48*4 

60*3 

23*8 

25*6 

45*6 

47*2 

C7) 

O 

to 


I have already compared the sum of the ahsorptions for gases with the absorption of 
the sum ; in the following Tables the same comparison is made for the v apours. 
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Table XXV. 

— ^Bisiilphide of Carbon, 

0*5 inch. 

Length. 

of Chambers. 

Sum of Absorptions. 

Absorption of Sum. 

2*8 

46*6 

11*2 

7*6 

8*0 

41-4 

11*7 

7*6 

15*4 

34*0 

11*7 

7*5 

lT-8 

31 ‘6 

12*2 

7*5 

23-8 

25-6 

12*7 

7*8 



Means 11*9 

7*6 


Table XXVI. — Chloroform, 0*5 inch. 

Length of Chambers. 

Sum of Absorptions. 

Absorption of Sum. 

2*8 

46*6 

21*4 

16-3 

8-0 

41*4 

24*8 

16*8 

12-2 

37*2 

25*3 

17*1 

15*4 

34*0 

25*2 

16*9 

23*8 

25*6 

29-0 

18*4 

36-3 

13*1 

26*5 

17*2 



Means 25*36 

ITT 


Table 

XXVII. — ^Benzol, 0*5 inch. 

Length of Chambers. 

Sum of Absorptions. 

Absorption of Sum. 

2-8 

46*6 

24*0 

20*6 

8-0 

41*4 

25*7 

20*4 

12-2 

37*2 

26*3 

19*0 

17*8 

31*6 

27*6 

20*1 

23*8 

25*6 

29*4 

21*0 



Means 26*6 



Table XXYIII. — Iodide of Ethyl, 0*5 inch. 

Length of Chambers, 

Sum of Absorptions. 

Absorption of Sum, 

2-8 

46*6 

30*6 

25*4 

80 

41*4 

30-2 

23*3 

12-2 

37*2 

33*3 

25*2 

15-4 

34*0 

35*4 

25*2 

17-8 

31*6 

35*8 

25*2 



Means 33*1 
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Table XXIX. — ^Alcohol, 0*5 imek. 


Ler^ 

of Chambers, 

Sum of Absorptions. 

Absorption of Sum . 

2*8 

46*6 

57*8 

46*1 

8*0 

41*4 

62*1 

47*0 

12*2 

37*2 

70*1 

47*5 

15*4 

34*0 

73*2 

47*0 

17*8 

31*6 

72*4 

47*6 



Means 67*1 

47^ 


Table XXX. — ^Alcohol, 0*1 inch. 

Length 

of Chambers. 

Sum of Abserptions- 

Absorption of Sum. 

8-0 

41-4 

30*2 

24*9 

15*4 

34*0 

32*1 

24*7 

17*8 

31*6 

32*8 

25*7 

23*8 

25*6 

33*2 

25*2 

36*3 

13*1 

32*9 

251 



Means 32*2 



Table XXXl. — Sulphuric Ether, 0*5 inch. 

Length 

of Chambers. 

Sum of Absorptions. 

Absorption of Sum. 

2*8 

46*6 

64*8 

51*6 

8*0 

41*4 

74*9 

53*9 

12*2 

37-2 

79*7 

53*6 

15*4 

34*0 

81*8 

53*1 



Means 75*3 

53*05 


Table XXXII. — Formic Ether, 0*5 inch. 


Length 

of Chambers. 

Sum of Absorptions. 

Absorption of Sum. 

2*8 

46*6 

80*4 

64*4 

8*0 

41*4 

82*4 

63*4 

17*8 

31*6 

88*4 

60*3 

23*8 

25*6 

92*8 

60*2 



Means 86*0 

62*07 


MDCCCLXIT. 
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Table XXXIII. — ^Acetic Ether, 0*5 inch. 


L^igtk 

of Chambers. 

Sum of Absorptions. 

Absorption of Sum. 

2-8 

46-6 

77-2 

62*9 

8-0 

41-4 

88-8 

64*6 

12*2 

37-2 

96-7 

64*2 

15-4 

34-0 

99-9 

62*4 

23*8 

25-6 

103*6 

64*7 

36*3 

131 

100*7 

64*8 



Means 94*5 

63^ 


An inspection of the foregoing Tables discloses the fact that, in the case of vapours, 
the difference between the sum of the absorptions and the absorption of the sum is, in 
general, less than in the case of gases. This resolves itself into the proposition that for 
equal lengths, within the limits of these experiments, the sifting power of the gas is 
greater than that of the vapour. The reason of this is that the vapours are examined 
in a state of tenuity which is only ^th of that possessed by the gases. Thus, no matter 
how powerful the individual molecules may be, their distance asunder renders a thin 
layer of them a comparatively open screen. 

§ 3 . 

The entrance of a gas into an exhausted vessel is accompanied by the generation 
of heat ; and the gas thus warmed, if a radiator, will emit the heat generated. Con- 
versely, on exhausting a vessel containing any gas, the gas is chilled, and thus an 
external body, which prior to the act of exhaustion possessed the same temperature as 
the gas mthin the vessel, becomes, on the first stroke of the pump, a warm body vvith 
reference to the gas remaining in the vessel ; and if the external body be separated from 
the cooled gas by a diathermic partition, it ndll radiate into the gas and become chilled 
by this radiation. It was shown in my second memoir* that this mode of warming 
and of chilling a gas or vapour furnished a practical means of determining, without any 
source of heat external to the gaseous body itself, both its radiative and absorptive 
energy. For the sake of convenience I have called the mdiation and absorption of a 
gas or vapour thus dynamically heated and cooled, dynamic radiation and dynamic 
absorption. 

In illustration of the manner in which dynamic radiation may be applied in researches 
on radiant heat, I have had made, during the last half-year, a considerable number of 
experiments, some of which I will here describe. In the first place, the experimental 
tube was divided into two compartments, as in the experiments described in the fore- 
going section. The source of heat was abolished, and one end of the experimental tube 
was stopped by a plate of polished metal ; the other end was stopped by a transparent 
plate of rock-salt, while the space between the ends was divided into two compartments 

* Philosophical Transactions, Part I. 1862; and Philosophical Magazine, vol xxiv. p. 337. 
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by a second plate of rock-salt The thermo-electric pile occupied its usual position at 
the end of the tube, the compensating cube, however, being abandoned. For the sake 
of convenient reference, I will call the compartment of the tube most distant from the 
pile, the first chamber, and that adjacent to the pile, the second chamber. An outline 
sketch of the arrangement is given in fig. 3. 


Fig. 3. 



The experiments were conducted in the following manner: — Both compartments 
being exhausted and the needle at zero, the gas was allowed to enter the first chamber 
through a gauge-cock which made its time of entry 40 seconds. The second chamber 
was preserved a vacuum ; the gas on entering the first chamber was dynamically heated, 
and radiated its heat to the pile through the vacuous second chamber; the needle 
moved and the limit of its excursion was noted. The first chamber was then exhausted 
and carefully cleansed with dry air. The second chamber was filled mth the same 
gas, not with a view to determine its dynamic radiation, but to examine its effect 
upon the heat radiated from the first chamber. The needle being at zero, the gas was 
again permitted to enter the first chamber exactly as in the first experiment, the only 
difference between the two experiments being, that in the first the heat passed through 
a vacuum to the pile, while in the second it had to pass through a column of the same 
kind of gas as that from which it emanated. In this way the absorption exerted by 
any gas upon heat, radiated from the same gas, or from any other gas, may be accu- 
rately determined. Finally, the apparatus being cleansed and the needle at zero, the 
gas was permitted to enter the second chamber, and its dynamic radiation from this 
chamber was determined. The inteimediate plate of salt S' was shifted, as in the former 
experiments, so as to alter the lengths of the two chambers, but the sum of both 
lengths remained constant as before. 

In the following Tables the three columns bracketed under the head of “ Deflection,” 
contain the arcs through which the needle moved in the three cases mentioned ; 1®, 
when the radiation from the gas in the first chamber passed through the empty second 
chamber ; 2®, when the radiation from the first chamber passed through the occupied 
second chamber ; and 3®, when the radiation proceeded from the second chamber. 

2 g2 
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Dfmmk EsHatkm of Bases. 

Table XXXIY. — ^Carbonic Oxide. 



Length. 



Deflection. 

A 


r- ^ 

1st Chamber. 2nd Chamber. 

r 

By Ist Chamber. 
2nd Chamber 
empty. 

By 1st (Biamber. 
Gas in 

2nd Chamber. 

By 2nd CSiamber, 

2-8 


46-6 

10 

0-0 

28*0 

16-4 


34-0 

3-8 

21 

24*4 

36-3 


131 

13*7 

6-3 

16*6 



Table XXXV. — Carbonic Acid. 



Length. 



Deflection. 

A 


1st CTiamber. 2nd Chamber. 

By 1st Chamber. 
2nd Chamber 
empty. 

By 1st Chamber. 
Gas in 

2nd (Tmmber. 

By 2nd Cliamber. 

2-8 


46‘G 

i’O 

0-0 

33*6 

15*4 


34-0 

3-7 

1*25 

23*3 

36-3 


13*1 

16-8 

6-6 

17*5 



Table XXXVI. — Nitrous Oxide. 



Length. 



Deflection. 

__ 


1st Chamber. 2nd Chamber. 

By 1st Chamber. 
2nd Chamber 
empty. 

By 1st Chamber. 
Gas in 

2nd Chamber. 

By 2iid Chamber. 

2*8 


46-6 

10 

0-2 

4l*5 

15-4 


-34*0 

4*3 

1*2 

31*7 

36-3 


13-1 

19-5 

6-2 

22*0 



Table XXXVII. — Olefiant Gas. 



Length. 



Deflection. 

>-* 


Ist Chamber. 2nd Chamber. 

r 

By 1st Chamber. 
2nd Chamber 
emptj'. 

By Ist Chamber. 
Gas in 

2nd Chamber. 

By 2nd Chamber, 

15-4 


34*0 

O 

11*9 

10 

6§-0 

23*8 


25*6 

22*8 

3-0 


36*3 


13-1 

59-0 

10*4 

65*0 


The gases, it will be observed, exhibit a gradually increasing power of dynamic radia- 
tion from carbonic oxide up to olefiant gas. This is most clearly illustrated by refer- 
ence to the results obtained in the respective cases with the first length of the second 
chamber. They are as follows : — 
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Caxbomc omie . ^ . 28 0 

Carbonic add . 33*6 

Nitrous oxide 44*5 

Olefiant gas . 68-0 


Its ^‘osimity to the pile, and the fact of its having to cross but one plate of salt, 
makes the action of the second chamber much greater than that of the first. 

Each of the Tables exhibits the fact that as the length of the chamber increases the 
dynamic radiation of the gas contained in it increases, and as the length diminishes the 
radiation diminishes. We also see how powerfully the gas in the second chamber 
acts upon the radiation from the first. With carbonic oxide, the presence of the gas in 
the second chamber reduces the deflection from 13°*7 to 6°‘3; with carbonic acid it is 
reduced from 16*8 to 6-6 ; wdth nitrous oxide it is reduced from 19*5 to 6’2. Now tliis 
residual deflection, 6°*2, is not entirely due to the transparency of the gas, to heat emitted 
% the gas. No matter how well polished the experimental tube may be, there is alw^ays 
a certain radiation from its interior surface when the gas enters it. With perfectly 
dry air this radiation amounts to 8 or 9 degrees. Thus the radiation is composite, in 
part emanating from the molecules in the first chamber, and in part emanating from 
the surface of the tube. To these latter, the gas in the second chamber would be 
much more permeable than to the former ; and to these latter, I believe, the residual 
deflection of 6 degrees, or thereabouts, is mainly due. That this number turns up so 
often, although the radiations from the various gases differ considerably, is in harmony 
with the supposition just made. In the case of carbonic oxide, for example, the deflec- 
tion is reduced from 13° *7 to 6°* 3, while in the case of nitrous oxide it is reduced from 
19°'6 to 6°*2 ; in the case of olefiant gas it is reduced from 59° to 10°*4, while in other 
experiments (not here recorded) the deflection by olefiant gas w^as reduced from 44° 
to 6°. 

As may be expected, this radiation from the interior surface augments with the 
tarnish of the surface, but the extent to w’^hich it may be increased is hardly sufficiently 
known. Indeed the gravest errors are possible in experiments of this nature if the 
influence of the interior be overlooked or misunderstood. An experiment or two vdli 
illustrate this more forcibly than any words of mine. 

A brass tube 3 feet long, and very slightly tarnished within, was used for dynamic 
radiation. Dry air on entering the tube produced a deflection of 12 degrees. The 
tube was then polished within, and the experiment repeated ; the action of dry air w’as 
instantly reduced to 7*5 degrees. 

The rock-salt plate at the end of the tube was then removed, and a lining of black 
paper 2 feet long was introduced within it. The tube w^as again closed, and the experi- 
ment of allowing dry air to enter it repeated. The deflections obsen*ed in three successi\ e 
experiments were 

80^ 81°, 80°. 

This result might be obtained as long as the lining continued within the tube 
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The plate of rock-salt was again removed, and the length of the lining was reduced 
to a foot; the dynamic radiation on the entrance of dry air in three successive 
experiments gave the deflections 

76“, 74^ 75°. 

The plate was agam removed and the lining reduced to 3 inches; the deflections 
obtained in two successive experiments were 

66® 65° 

Finally, the lining was reduced to a ring only If inch in width ; the dynamic radia- 
tion firom this small surface gave in two successive trials the deflections 

56°, 56°-5. 

The lining was then entirely removed, and the deflection instantly fell to 

7°-5. 

A coating of lampblack within the tube produced the same efiect as the paper lining ; 
common writing-paper was almost equally effective ; a coating of varnish also produced 
large deflections, and the mere oxidation of the interior surface of the tube is also very 
effective. 

In the above experiments the lining was first heated, and it then radiated its heat 
through a thick plate of rock-salt against the pile. The effect of the heat was enfeebled 
by distance, by reflexion from the surfaces of the salt, and by partial absorption. 
Still we see that the radiation thus weakened was competent to drive the needle almost 
through the quadrant of a circle. If instead of being thus separated from the lining 
the face of the pile itself hdidi formed part of the interior surface of the tube, receiving 
there the direct impact of the particles of air, of course the deflections would be far 
greater than the highest of those above recorded. Indeed I do not doubt my ability to 
cause the needle of my galvanometer to whirl, by the dynamic heating of the surface of 
my pile, through an arc of 1000 degrees. Assuredly an arrangement subject to disturb- 
ances of this character cannot be suitable in experiments in which the greatest delicacy 
is necessary. 

Experiments on dynamic radiation, similar to those executed with gases, were made 
with vapours. The tube was divided into two compartments as before. Both compart- 
ments being exhausted, vapour was permitted to enter the first chamber. Dry air was 
afterwards permitted to enter the same chamber ; the air was heated, it warmed the 
vapour, and the vapour radiated its heat against the pile. The heat passed in the first 
experiment through a vacuous second chamber, and in the second experiment through 
the same chamber when it contained 0-5 of an inch of the same vapour as that from 
which the rays issued. A third experiment was made to determine the dynamic radia- 
tion firom the second chamber. The following Tables contain the results • — 
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Dynamic Badiatim of Va;pours. 

Table XXXVIIL — Bisulphide of Carbon, 0*5 inch. 


Length. 

vV 


Deflection. 


r" > 

1st ChamW. 2nd Chamber. 

By 1st Chamber. By 1st Chamber. 
2nd Chamber Vapour in 

empty. 2nd Chamber. 

' ' 

By 2nd Chamber. 

15*4 

34*0 

2*4 i-6 

14*2 

B6-3 

13*1 

9*75 5*5 

9*0 


Table XXXIX. — Benzol, 0*5 inch. 


Length. 


Deflection. 


r~ ^ 

1st Chamber. 2nd Chamber. 

/ 

By Ist Chamber. By 1st Chamber. 
2nd Chamber Vapour in 

empty. 2nd Chamber. 

By 2nd Chamber. 

15*4 

34*0 

3*0 i*i 

3l*0 

36*3 

13*1 

21*6 11*9 

15*1 


Table XL.— 

•Iodide of Ethyl, 0*5 inch. 


Length. 


Deflection. 


r ^ 

1st Chamber. 2nd Chamber. 

By Ist Chamber. By let Chamber. 
2nd Chamber Vapour in 

empty. 2nd Chamber. 

By 2nd Chamber. 

15*4 

34*0 

3*4 2*7 

38*8 

36*8 

13*1 

25*4 13*8 

19*0 


Table XLI. 

— Chloroform, 0*5 inch. 


Length. 


Deflection. 

Vv 


r ^ 

1st Chamber. 2nd Chamber. 

By 1st Chamber. By 1st Chamber. 
2nd Chamber Vapour in 

empty. 2nd Chamber. 

By 2nd Chamber. 

15-4 

34*0 

o o 

4*5 2*1 

4i*0 

36*3 

13*1 

22*3 100 

19*0 


Table XLIL — ^Alcohol, 0*5 inch. 


Length. 


Deflection. 


Ist Chamber. 2nd Chamber. 

By 1st Chamber. By Ist Chamber. 
2iid Chamber Vapour in 

empty. 2nd Chamber. 

By 2nd Chamber. 

15*4 

34*0 

C O 

4*9 2*0 

53*8 

36*3 

13*1 

33*8 16*9 

34*9 
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Table XIIII.— Alcohol, #T iitdb. 


Length. 

vV 



Brfeetion. 

A 


r 

1st Chamber. 

s 

2nd Chamber. 

c 

By let Chamber. 
2nd Chamber 
■empty. 

By 1st Chamber. 
Tapoup in 

2nd Chamber. 

By 2nd Chi^ber. 

15-4 


34-0 

2-0 

i*3 

3^-7 

36-3 


131 

21-8 

16*2 

11-5 



Table XLTV. 

— Boracic Ether, OT inch. 


Length. 

A 



Deflection. 

A 


let Chamber. 

2nd Chamber. 

By 1st Chamber. 
2nd Chamber 
empty. 

By 1st Chamber. 
Vapour in 

2nd Chamber. 

By 2nd Chamber. 

15-4 


34-0 

o 

6‘3 

O 

2-1 

61-0 

36-3 


131 

291 

15-7 

31*6 



Table XLV.- 

—Formic Ether, 0’5 inch. 


Length. 

A 



Deflection. 

A 


f 

1st Chamber. 

2nd Chamber. 

By 1st Chamber. 
2nd Chamber 
empty. 

By 1st Chamber, 
Vapour in 

2nd Chamber. 

By 2nd Chamber, 

lo‘4 


340 

6*3 

2'5 

6§'0 

SG3 


131 

46-0 

23-8 

41-0 



Table XLVL- 

-Sulphuric Ether, 0 5 inch. 


Length. 



Deflection. 

A 


Ist Chamber. 

2nd Cbamber. 

By Ist Chamber. 
2nd Chamber 
emply. 

By Ist Chamber. 
Vapour in 

2nd Chamber. 

By 2nd Chamber! 

15-4 


34-0 

o 

6-6 

^•5 

68*0 

36-3 


131 

45-3 

22-4 

36'5 



Table XLVII. — ^Acetic Ether, 0*5 inch. 


Length. 

A 



Deflection. 

A 


( 

1st Chamber, 

2nd Chamber. 

By 1st Chamber. 
2nd Chamber 
emp^. 

By 1st Chamber. 
Vapour in 

2nd Chamber. 

By 2nd Chamber. 

15-4 


340 

1-1 

io 

73-9 

36*3 


13*1 

49*1 

22-0 

41-0 
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Collecting the radiations fi*om the second chamber for the lengths 34 inches and 
13*1 inches together in a single Table, we see at a glance how the radiation is affected 
by varying the length. , 

Table XLVIII. 

Dynamic radiation of various vapours at 0-5 
inch pressure and a common thickness of 


Bisulphide of carbon , . , 

34 inches. 

. 14-2 

13T inches. 

O 

9-0 

Benzol 

. 34*0 

15*1 

Iodide of ethyl ..... 

. 38-8 

19-0 

Chloroform 

. 41-0 

19-0 

Alcohol 

. 53-8 

34-9 

Sulphuric ether 

. 68-0 

36*5 

Formic ether ...... 

. 68*0 

41-0 

Acetic ether 

. 73*9 

41*0 

Alcohol 

At a pressure of 0*1 of an inch. 

. 35-7 li'5 

Boracic ether 

. 61*0 

31‘6 

The extraordinary energy of boracic ether as 

a radiant may 

be inferred from the last 


experiment. Although attenuated to y^^th of an atmosphere, its thinly scattered mole- 
cules are able to urge the needle through an arc of 61 degrees, and this merely by the 
warmth generated on the entrance of dry air into a vacuum. 

Arranging the gases in the same manner, we have the following results : — 


Table XUX. 

Dynamic radiation of gases at 1 at. 
pressure and a common thickness of 



34 inches. 

13-1 inches. 

Carbonic oxide . . . 

. . . 2l-4 

16°6 

Carbonic acid . . . 

. . . 23-3 

17-5 

Nitrous oxide . . . 

. . . 31-7 

22*0 

Olefiant gas ... . 

. . ‘ . 68-9 

65-0 


The influence of tenuity which renders the vapour at 0*5 of an inch a more open 
screen than the gas at 30 inches is here exhibited. In the case of the vapour, a greater 
length is available for radiation than in the case of the gas, because the radiation from 
the hinder portion of the column of vapour is less interfered with by the molecules in 
front of it than is the case with the gas. By shortening the column we therefore do 
more injury to the vapour than to the gas ; by lengthening it we promote the radiation 
from the vapour more than that from the gas. Thus whde a shortening of the gaseous 
MDCCCLXIV. 2 H 
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column from 34 inches* to 13‘1 causes a fall in the case of nitrous oxide only from 2 3°* 3 
to the same amount of shortening causes benzol vapour to fall from 34° to 15°*1 — 
a much greater diminution. So also as regards olefiant gas, a shortening of the radiating 
column from 34 inches to 13'1 inches causes a fall in the deflection only from dS'" to 
65°; the same diminution produces with sulphuric ether a fall from 68° to 36°-5; and 
with acetic ether from 73°-9 to 41°. In the long column acetic ether vapour beats 
olefiant gas, but in the short column the gas beats the vapour. 

One of the earliest series of experiments of this nature which were executed last 
autumn, though not free from irregularities, is nevertheless worth recording. The expe» 
riments were made mth a brass tube, slightly tarnished within, the tube being 49-4 
inches long, and divided into two equal compartments, each 24*7 inches in length, by a 
partition of rock-salt placed at the centre of the tube. 


Table L.— 

-Dynamic radiation of Vapours. 

Deflection. 


f 

By 1 8t Chamlier. 
2nd Cliam. empty. 

By 1st Chamber, 
Vapour in 2ud Cham. 

By 2nd Chamber. 

Bisulphide of carbon 

. 8*2 

5°*8 

2i*2 

Benzol 

. 20*0 

12*4 

45*9 

Chloroform . . . 

. 24*3 

10-9 

55*2 

Iodide of ethyl . . 

. 27*5 

14*7 

55*3 

Alcohol .... 

. 42*7 

22*3 

69*0 

Sulphuric ether . . 

. 40*3 

21*7 

80*5 

Formic ether . . . 

. 47*5 

19*8 

79*5 • 

Propionate of ethyl . 

. 49*8 

25*0 

82*3 

Acetic ether . . . 

. 63*3 

30*0 

82*1 


To ascertain whether the absorption by the vapours bears any significant relation to 
the absorption by the liquids from which these vapoui's were derived, the transmission of 
radiant heat through those liquids was examined. The open flame of an oil-lamp was 
used, and the liquids were enclosed in rock-salt cells. Thus the total radiation from 
the lamp, with the exception of the minute fraction absorbed by the rock-salt, was 
brought to bear upon the liquid. 

Ill the following Table the liquids are arranged in the order of their powers of 
transmission. 
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Name of liquid. 

Bisulphide of carbon 

„ „ saturated with sulphur 

with iodine . 

Bromine 

Chloroform 

Iodide of methyl 

Benzole 

Iodide of ethyl 

Amyleiie . . . 

Sulphuric ether 

Acetic ether 

Formic ether 

Alcohol 

Water saturated with ro*-k-salt . ... . . 


Transmission in hundredths 
of the radiatiofi. 

... 83 
... 82 
... 81 
... 77 

... 73 
... 09 
... 60 
... 57 
... 50 
... 41 

... 34 
... 33 
... 30 
... 26 


These results are but approximate, but they are not very far from the truth ; and it 
is impossible to regard them without feeling how purely the act of absorption is a 
molecular act, and that when a liquid is a powerful absorber the vapour of that liquid 
is sure also to be a powerful absorber. 

To experiment with water, it was necessary to saturate it with the salt of which the 
cell was formed, but the absorptive energy is due solely to the water. We might infer 
from this alone, were no experiments made on the aqueous vapour of the atmosphere, 
that that vapour must exert a powerful action upon terrestrial radiation. In fact, in all 
the statements that 1 liave hitherto made I have underrated its action. 

The deportment of the elements sulphur and iodine, dissolved in bisulphide of carbon, 
is in striking harmony with aU that we have hitherto discovered regarding the action of 
elementary bodies. The saturation of the bisulphide by sulphur scarcely affects the 
transmission, while a quantity of iodine sufficient to convert the liquid from one of 
perfect transparency to one of almost perfect opacity to light, produces a diminution of 
only two per cent, of the radiation. This shows that the heat really used in these expe- 
riments consists almost wholly of the obscinre rays of the lamp. It is worth remai’king 
that the obscure rays of a luminous source have a much greater power of penetration in 
the case of the liquids here examined than the rays from an obscure source, however 
close to incandescence. The deportment of bromine is also very instructive. The liquid 
is very dense, and so opaque as to cut off the luminous rays of the lamps, till it transmits 
77 per cent, of the total radiation. It stands in point of diathermancy above every com- 
pound liquid in the list except bisulphide of carbon. This latter substance is the rock- 
salt of liquids. 

Before a strict comparison can be made between vapours and liquids, they must be 
examined by heat of the same quality, and I have already made arrangements with 
which I hope to obtain more complete and accurate results than those above recorded. 
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VI. A Comparison of the most notable Disturbances of the Magnetic Declinatim in 1858 
andl^b^ at Keiv and at Nertscldnslc ; preceded by a brief Betrospective View of the 
Progress of the Investigation into the Laws and. Causes of the Magnetic Disturbances. 
By Major-General Edward Sabi^s’e, B.A.^ President of the Boyal Society. 


Eeccived April 2S, — Bead May 26, 1864. 


Before I proceed to the particular subject of this paper as noticed in its title, it may 
perhaps be desirable to take a brief retrospective \iew of the advances which have been 
made from time to time in our knowledge of the phenomena of the magnetic disturb- 
ances since they became the subjects of systematic investigation ; and more especially 
since the publication of the Eeport of the Eoyal Society in 1840, and the establishment 
of magnetic observatories adopting and pursuing the methods of inquiry founded upon 
the instructions contained in that Report. 

The obseiwations of the German Magnetical Association, conducted by MM. Gauss 
and V'eber, which was the immediate precursor of the British observatories, commenced 
in 1834 and terminated in 1841, the first year of the British Observatories. It was 
itself preceded by an earlier German Association, formed in 1828 under the auspices of 
Baron Alexander von Humboldt, having for its object to make a series of strictly 
synchronous obseiwations of the magnetic declination at concerted times at widely sepa- 
rated localities, for the purpose of inquiring into the nature and investigating the laws, 
if laws should be found to reveal themselves, of the apparently casual and irregular 
fluctuations of the magnetic needle wRich had then recent!} begun to attract the notice 
of scientific men, as natural phenomena proceeding from and indicating some hitherto 
unknow 11 agency, and as such wxdl meriting systematic investigation. 

Berlin w'as the centre of the first German Association, as Gottingen wus of the second. 
In 1829 and 1830 the Berlin Association had correspondents in veiy^ distant parts of the 
European continent, such, for example, as St. Petersburg, Kasan, and Nicolaieff, by 
whom the direction of the declination magnet was observed with great care and pre- 
cision at hourly intervals of absolute time for forty-four successive hours at eight con- 
certed periods of the year ; and to the continuance of these term-observations, as they 
were called, there were added in March 1834 similar observations at Gottingen, but 
made with greater frequency, viz, at intervals of ten minutes. The intercomparison of 
the hourly observations revealed the general fact that veyy considerable fluctuations, still 
happening how^ever on days that w ere apparently casual and irregular, were synchronous 
at all the stations of obsen^ation; w'hilst the ten-minutely observations at Gottingen, 
which had no parallels elsewhere, showed numerous intermediate fluctuations of similar 
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character. In order to bring to the test of positive evidence the question whether these 
intermediate fluctuations were also general, or were of merely local origm^ Jive-mmutely 
observations were now appointed at all the stations ; and the result of four such term- 
days, in May, June, August, and September 1834, was to establish conclusively, that 
almost all the numerous and apparently irregulai* movements observed at Gottingen 
occurred also at the other places ; and although with varied relative magnitudes, yet 
with an agreement which did not admit of mistake. The Gottingen Association now 
took the lead in the inquiry, the number of terms in the year being fixed at six, each of 
twenty-four hours’ duration, with intervals of five minutes between the observations. 
The number of associated stations appears to have been about twenty, distributed gene- 
rally over the continent of Europe. Besides the increased frequency of the observations, 
improvements w^re introduced in the apparatus used in the obseivations of the declina- 
tion; and the bifilar magnetometer, devised by M. Gauss for a corresponding record of 
the variations in the intensity of the horizontal component of the magnetic force, was 
employed at a few stations where the activity was greatest. The Gottingen Association 
continued its terms with regularity until 1841, stimulated by the great advantage which 
it possessed in the discussion of the results from time to time by MM. Gauss and Weber 
in the well-known publication entitled - Resultate aus der Beobachtungcn des magne- 
tischen Vereins.” The conclusions already noticed as having been obtained in 1834 
were confirmed by the careful examination and discussion to which the observations of 
each recurring term-day were subjected. The disturbing action was found to be 
frequently so considerable in amount, that partial and even total obhteration of the 
regular diurnal movements was a very common occurrence ; and to be of such general 
prevalence, not only in the larger but also in most of the smaller oscillations, over the 
greater part of Europe, as to cause it to be viewed as in a very high degree improbable 
that the disturbances could have either a local or an atmospherical origin. No con- 
nexion or correspondence whatsoever was discoverable between the indications of the 
magnetical and meteorological instruments ; nor had the state of the weather any per- 
ceptible influence. It happened very frequently that either an extremely quiescent 
state of the needle or a very regular and uniform progress was preserved during the 
prevalence of the most violent atmospherical storm ; and as with wind-storms, so with 
thunder-storms, even when close at hand they exercised no perceptible influence on the 
magnetic instruments *, 

* As a magmiiml question, the supposition of an atmospherical origin of the disturbances maj be considered 
to have been disposed of by the conclusions of the Gottingen Association. There remfined, however, a problem 
which might be interesting to meteorologists. It was possible to suppose that, although the magnetic disturbances 
did. not originate in the atmosphere, their presence, or possibly that of their producing cause, might occaaon some 
atmospherical eonditiou (which might he indicated either hy the metwroiogical instruments or by some peculiar 
state of the weather), affecting simultaneously aU parts of the globe on the particular days when the magnetic 
instruments were disturbed. ‘The simultaneous observations of both classes of phenomena at the widely distri- 
buted stations of the British Colonial Observatories were well calculated to bring into view any such general 
atmospheric condition or affection if it existed ; but the most careful collation of the simultaneous records of 
many years has faded to reveal any such correspondeuee. 
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The variations in the proportional magnitude of the disturbances in different localities, 
even when the similarity was otherwise unequivocal, had in one respect the appearance 
of a systematic indication, a decrease being shown in the energy of the disturbing force 
as its action was traced and followed jfrom north to south. Hence the probaljility was 
inferred (so far as it might be safe to draw such conclusions from experiments which 
embraced comparatively but a small portion of the earth’s surface) that the great focus or 
foci from whence the most powerful disturbances in the northern hemisphere emanated 
might be situated, and might possibly be sought with success, in parts of the globe to 
the north, or to the north-west, of the European continent. But even admitting this 
supposition to be well founded, so many of the phenomena still remained unexplained, 
that in the ‘Resultate’ for 1836, p. 99, M. Gauss took occasion to express his matured 
conviction that “we are compelled to admit that on the same day and at the same 
hour various forces are contemporaneously in action, which are probably quite inde- 
pendent of one another and have very different sources, and that the effects of these 
various forces are intermixed in very dissimilar proportions at various places of observa- 
tion relatively to the position and distance of these latter ; or these effects may pass one 
into the other, one beginning to act before the other has ceased. The disentanglement 
of the complications which thus occur in the phenomena at every individual station will 
undoubtedly prove \ery difficult. Nevertheless we may contidently hope that these diffi- 
culties will not always remain insuperable, when the simultaneous observations shall be 
much more mdely extended. It will be a triumph of science should we at some future 
time succeed in arranging the manifold intricacies of the phenomena, in separating the 
individual forces of which they are the compound result, and in assignmg the source 
and measure of each.” 

The term-days of the Gottingen Association were limited to the observ^ation of a single 
element, riz. the declination, with the exception of a few stations at which the bifilar 
magnetometer was occasionally employed. Instrumental means had not as yet been 
devised for obseniug the disturbances of the inclination and the total magnetic force, 
either directly, or by means of their theoretical equivalents, the horizontal and vertical 
components of the force. We find it indeed expressly admitted by M. Gauss that it 
could not be doubted that the Inclination and Force are subject to disturbances similar 
to those observed in the Dechnation, but that the time had not yet arrived for iuchiding 
the three elements in the circle of combined inquiry ; adding, “ that as soon as the 
means of observation should be so far perfected that we could recognize with certainty, 
foUow with ease, and measure with accuracy the variations, and especially the rapidly 
varying changes of the dip and total force, these variations would have the same claim 
on the united activity of inquirers, as the variations of the declination possessed during 
the period of the Gottingen Association.” 

We come now to the epoch when the inquiry was taken up and its further prosecu- 
tion carried on by our own country. The two German Associations had prepared the 
way for the more extended and more complete organization which, on the recommenda- 
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tion of the British Association for the Advancement of Science, assembled at Newcastle 
in September 1838, and concurred in by the President and Council of the Eoyal Society 
in the spring of 1839, the inquiry subsequently received under the sanction and with the 
warm support of the Ministry of which Lord Melboubne was the principal member, 
and the succeeding Administration of which Sir Robeet Peel was the first minister. 
The field of research was no longer limited to a single continent, but included the most 
widely separated localities on the globe. Stations w^ere selected in both hemispheres, and 
in the tropics, on continents and on islands, the selection being guided either by diversity 
of geographical circumstances, or by magnetical relations of prominent interest. The 
objects of investigation were also enlarged, so as to include not alone the transient and 
irregular fluctuations which had occupied the chief attention of the German Associations, 
but also “ the actual distribution of the magnetic influence over the globe at the present 
epoch in its mean or average state, together -with all that is not permanent in the phe- 
nomena, whether it appear in the form of momentaiT, daily, monthly, semiannual or 
annual change and restoration, or in progressive changes, possibly not compensated by 
counter-changes, or possibly receiring compensation, either in whole or in part, in cycles 
of unknown relation and unknown period.” Suitable instruments, which in many 
respects were novel in construction, were prorided for the observation of each of the 
three magnetic elements in this scheme of comprehensive research ; and a report, pre- 
pared with much deliberation and care by a special committee of the Royal Society, was 
printed for the instruction and guidance of those who should be employed in conducting 
the magnetic surveys by sea and land, and of those who should direct or superintend 
the investigations to be carried out at the stationary magnetic establishments. 

The present communication having reference to one branch only of one department 
of this extensive inquiry, viz. to that which relates to the magnefk’ disturbances, its 
notices are strictly limited to what may be necessary for placing before the Society as 
briefly as possible the successive steps which have advanced our knowledge of these 
phenomena, in respect to their diversities and mutual relations, their connexion with 
the general phenomena of terrestrial magnetism, and their probable cosmical origin. 

The simultaneity of the days on which magnetic distui’bances take place had already 
been shown by the term-days of the Gottingen Association to be coextensive with its 
sphere of operation, viz. the greater part of the continent of Europe. The wider exten- 
sion of the British system, embracing stations in all quarters of the globe, now caused 
the fact of the simultaneity of disturbance to be recognized as a general feature common 
to the whole of our planet ; wiiilst the evidence of diversity in the action of individual 
forces, even in the most clear cases of synchronous disturbance, was even more distinctly 
manifested than in the previous more hmited experience. Thus the comparison of the 
term-days in 1840, 1841, and 1842 observed at different stations on the continents of 
Europe and America, and collated in the first volume of the Observations at the Toronto 
Observatory, published in 1845, gave occasion to the following general conclusion: — 
“ The correspondence so strikingly manifested in the fluctuations in America, and which 
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has its counterpart in the correspondence shown by the teim-observations at the different 
stations in Europe, is not found to prevail in anything like the same degree between the 
curves of the two continents when they are exhibited in comparison. Nevertheless indi- 
cations are not wanting of participation in disturbances having a common cause The 

character of the term-day, in respect to the degree of disturbance by which the mag- 
netometers are affected, may always be derived alike, whether we view the European or 
the American curv^es; and instances are not infrequent of individual perturbations 
common to both continents, having their culminating points at the same individual 
instant. There are sometimes disturbances in the same direction in both continents and 
sometimes in opposite directions. On the other hand, there are perturbations, and 
occasionally of considerable magnitude, on the one continent, of which no trace is 
visible in the observations on the other.” 

These facts were in full accordance with the conclusions which had been derived by 
the eminent geometrician of Gottingen from the observations of the Association formed 
under his auspices. They were further confirmed by a still more extensive and search- 
ing comparison, the means for which were* furnished by a practice adopted at the British 
Colonial Magnetic Observatories shortly after their operations had commenced, of sum- 
moning the whole observing staff of the Observatory whenever in the course of the 
hourly observations of the magnetometers (maintained without intermission except on 
Sundays) they were perceived to be under the influence of an unusual disturbance ; and 
thus the movements of each of the magnetometers were recorded at as short intervals as 
circumstances would permit, until the disturbance appeared to have subsided. These 
records were received at the Headquarter Office at Woolwich from Toronto, St. Helena, 
the Cape of Good Hope, and Van Diemen Island, as well as from the Expedition 
employed under Sir James Eoss in the Magnetic Survey of the Antarctic regions, when- 
ever the ships were sufficiently long in port to admit of the magnetometers being esta- 
blished and observed. The comparison of the records showed that magnetic disturb, 
ances prevailed, almost invariably, on the same days and at the same hours, in all these 
very various parts of the globe. The observations themselves were subsequently 
published in two parts; Part I. in 1843, containing the observations in 1840 and 1841, 
and Part II. in 1851, containing those in 1842, 1843, and 1844; together with the 
corresponding values of the declination and of the horizontal force in Part I., and of the 
declination, horizontal and vertical forces, and of their theoretical equivalents, the 
Inclination and the Total Force, in Part II. ; accompanied by the normal values of the 
elements at the different stations in the months in which the disturbances occurred, and 
their absolute values at each of the stations. Abundant evidence is to be found in these 
publications that fluctuations of the most marked character are strictly synchronous in 
the northern and southern hemispheres, as well as in Europe and America ; whilst at 
stations remote from each other the disturbance of the one element may differ widely 
in amount, and occasionally may be even reversed in direction. Not imfrequeiitly also 
a disturbance showing itself at the same instant at distant stations is found to affect one 



2S2 


MAJOE-GENEEAX SABINE ON THE DISTTJEBANCES OF THE 


element at one station 2 ^nd another element at another station, — all confirmatory of the 
conclusions arrived at by M. Gauss, and of the opinions of those who, antecedently to 
the establishment of the British Colonial Observatories, had anticipated that the distincUm 
characters of the disturbances at indhidual stations would require to be studied^ as the 
first step in a systematic inquiry into their causes, sources, and mutual relations. 

The hourly observations made at the Colonial observatories were received at Wool- 
wich in the form of monthly tables, in which the days of the month were arranged in 
successive horizontal lines, and the hourly observations in twenty-four vertical columns; 
an additional column at the side showed the mean of each day, and an additional line 
at the bottom of the Table the mean of each hour in the month. Even a very super- 
ficial examination of these Tables at any one station sufficed to show that certain hours 
were more afiected by disturbance than others. These hours were not the same at 
different stations ; and no distinct relation could be traced at any station between the 
hours of principal disturbance and those of the well-recognized horary fiuctuation due 
to the regular solar-diurnal variation. It Tvas obrious therefore that the horizontal line 
at the bottom of each monthly table, which sliowed the mean values at the several hours 
(or what might be termed the diurnal inequality), did in fact represent two variations, 
viz. 1st, the regular solar-diurnal variation, and 2nd, a diurnal variation due to the dis- 
turbances ; the two having every appearance of proceeding either from distinct causes or 
from distinct actions of the same original cause. The means of separating them per- 
fectly from each other did not readily present themselves, but to do so approximately, 
and with an approximation quite sufficient for many practical purposes, was merely a 
work of laboui’. The very feature which marked certain of the observations as disturbed, 
viz. the magnitude of their discordance mth the other records standing in the same 
column with themselves, or (as more readily seen) the magnitude of their differences from 
the mean value at the same month and hour at the foot of the page, appeared to supply 
a ready means (in the absence of any more exact criterion) of distinguishing the obseiTa- 
tions which were most affected by disturbance. It was soon found that by assuming for 
each element and for each station a certain amount of difference from the monthly mean 
at the same hour as the indication of disturbance, the records in each month might be 
separated into two portions, of which the smaller, containing the disturbed obseiTations, 
might be set apart for an examination of the laws of distui'bance ; whilst the larger 
portion, from which the disturbances had been thus eliminated, would become more 
available for obtaining a correct knowledge and analysis of the progressive and regular 
variations than when they were mixed up with the casual and transitory affections. 

By maintaining these assumed discriminating or separating values (forming the cri- 
teria whereby each observation was assigned either to the disturbed or to the undisturbed 
category), constant at each station, the laws of disturbance in different months and 
different years, if such laws existed, might be studied with convenience and security; 
and by so adjusting the values adopted at the different stations as to cause the number 
of the disturbed obsen'ations at each station to bear nearly an equal proportion to the 
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whole body, an advance might be made towards an approximate estimate of the degree 
in which the disturbing action prevailed in different parts of the globe. In the prac- 
tical application of this scheme of first or primary analysis it was found that, provided 
the selected separating value at each station were such as to place in the category of 
disturbed observations a proportion equivalent to between one and two tenths of the 
whole body of the obsenutions, small alterations within these limits occasioned no 
significant alterations in the derived diurnal progression either of the disturbed or of 
the (for the most part) undisturbed observations. 

The monthly records of a single year at any one of the observatories sufficed to mani- 
fest an order and sequence in the ratios of the aggregate amounts of disturbance in each 
of the twenty-four hours to the mean amount in the twenty-four hours taken as unity, 
which placed beyond a doubt the fact that, casual and irregular as the disturbances 
might appear in respect to the particular times of their occurrence when viewed in single 
days, they were in their mean effects strictly periodical phenomena ; exhibiting, by the 
character of their periodical variations, a dependence on the sun as their primary source. 
To this important fact the disturbances of each of the magnetic elements, the Declina- 
tion, the Inclination, and the Intensity of the magnetic force, bore concurrent testimony, 
although the hours of maximum and minimum of their respective diurnal progressions 
were dissimilar ; confirming in that particular the inference of the existence of distinct 
periodical laws in the disturbances of each of the elements. 

The bearing of this result upon the methods by which magnetical investigations could 
most successfully be prosecuted •was important. It had been remarked at a very early 
date, viz. in the 1st volume of the Toronto Observations, published in 1845, p. xv, that 
if the disturbances took place without any systematic prevalence at certain hours 
rather than at others, and with no systematic inequality in regard to direction and 
amount, their influence w^ould be limited to a lengthening of the time required for 
obtaining accurate mean values of the solar-diumal variation; but that if systematic 
inequalities were found to prevail in those respects, it w^as obvious that no duration of 
the observations w^ould eliminate their influence ; and the diurnal inequality obtained 
from the whole body of the observations, w^hatever might be the duration it repre- 
sented, must include the effects of tw’o distinct phenomena, riz. of the disturbances, 
and of the diurnal variation properly so called ; these two phenomena ha-ring possibly 
distinct causes, or at least distinct law^s.” The conclusion could no longer be doubted, 
therefore, that the first step in the systematic treatment of a body of observations, 
whether for the purpose of studying the laws of the disturbances, or for obtaining a 
correct knowledge of the more regular periodical variations, must be to separate the 
observ'ations into two portions, one of which should include the more significant disturb- 
ances, and the other should contain the remainder of the observations, from which the 
disturbances had been for the most part eliminated. Our present concern is with the 
treatment of the disturbed portion only ; the periodical variations of more regular occiu- 
rence are discussed elsewhera 
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And here it becomes proper to recall the instructions regarding the casual and trans- 
itory variations contained in the Report of the Royal Society referred to in page 230, 
in which we find this conclusion to have been in great measure anticipated, — ^the 
importance of treating the laws and mutual relations of the disturbances as a distinct 
subject of investigation clearly recognized, — ^and the probable residts of such investi- 
gation not obscurely indicated. In pages 2 and 3 of that Report it is stated that “ the 
investigation of the laws, extent, and mutual relations of the casual and transitory 
variations is become essential to the successful prosecution of magnetic discovery .... 
because the theory of those transitory changes is in itself one of the most interesting 
and important points to which the attention of magnetic observers can be turned, as 
they are no doubt intimately cminected with the general causes of terrestrial magnetism^ 
and u'ill probably lead us to a much more perfect knowledge of those causes than we 
ncm possess'" In the opinion thus expressed, being myself one of the Committee by 
whom the Report was drawn up, 1 fully concurred ; and having been appointed by 
Her Majesty’s Government to superintend the observations made at the British Colo- 
nial Observatories, and to coordinate and publish the results, it is alike my duty and my 
desire to show that the methods pursued have been in strict conformity with the spirit 
of those instructions, wRilst the conclusions derived will be seen to be in full accord- 
ance with the anticipations expressed therein*. 

* The importance which M. Gatts?* attached to the further and full investigation of the magnetic distui'l)- 
ances was not less than that expressed in the lleport of the Eoyal Society. Having had occasion, at the request 
of the President and Council of the Iloyal Society, to visit Berlin and Gottingen in conjunction \vith Hr, Lloyd 
in the autumn of 1839, when the British Colonial Obseivatories were in contemplation, I transcribe the following 
notice of M. Gauss's opinions from a copy which I have retained of a letter to Baron Alexaxduu vox Humboldt, 
written from Elberfeld on the 24th of October 1 839, since it is more to the purpose than anything which I could 
now write from recollection : — ‘‘ The conferences with M. Gau.'S did not close till late on Monday night ; we left 
Gottingen early on Tuesday morning, and this is our first stoppage. Me found M. Gauss's attention resting prin- 
cipally on that part of our proposed system of ohservation whicli is directed to the determination of the laws of 
the periodical fluctuations, and of the mode of action of the causes which produce them. Fully satisfied with the 
hourly observations as an almost certain means of attaining these objects, be was only desirous, for tbe Ml solution 
of the problem, that the number of stations should be increased so as to comprise the greatest practicable extent 
of latitude ; care being also taken that there should be one or two paraUeLs in which there should be stations in 
meridians widely apart. The relative importance of different localities in reference to the secular chamjes does 
not yet appear to have received M, Gau.s.s’s attention. The bearing of the stations on the periodical fluctua- 
tions was the chief and almost the only consideration on which he (hvelt. Me may hope that, in respect to the 
secular changes, the results obtained at the nineteen contemplated stations, so extensively distributed on the 
surface of the globe, w ill at least serv'e to test the validity of physical theories, though they may not include 
those points which a more advanced knowledge might indicate as most suitable for suggesting the true theory. 
Bamaoul and Yakutsk appear well situated to throw light on the easterly progression of the maximum of force 
in the Siberian quarter, which is by some believed to be more rapid than the progression, also easterly, of the 
maximum in the AmeriLan quarter ; forming in their combined effect a double system of translation in the lines 
to which the changes of Declination and Inclination in the northern hemisphere, ever since they were observed, 
appear to have been confonnahle. Our solicitude was strongly expressed to learn from M. Gauss if there were 
any’ stations, exclusive of those chosen for the fixed observatories, at which a new determination of the three 
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The Keport anticipates, as the probable result of the researches then about to be 
instituted, the establishment of an intimate connexion between the casualand transitory 
variations and the “ general causes of terrestrial magnetism.” Whatever thes^ may be, 
our best inferences in regard to them must be based upon the knowledge we possess of 
the actual distribution of the magnetic influence upon the surface of the globe. In 
regard to this distribution, the Beport refers throughout to two works as containing the 
embodiment of the totality of the known phenomena, viz. 1, a memoir, published two 
years antecedently (1838) in the Transactions of the British Association for the Advance- 
ment of Science, entitled “ On the Variations of the Magnetic Intensity in different 
parts of the Earth’s Surface,” in w hich the results of recent researches in almost all the 
accessible parts of the globe were brought together and coordinated, and their bearing 
on earlier systematic view^s discussed ; and 2, M. Gauss’s ‘ AUgemeine Theorie des 
Erdmagnetismus,’ published in 1839, being the year preceding that in which the Report 
of the Royal Society w^as published*. These tw’o works are referred to throughout the 
Report as supplying, the first the observ’^ational, and the second the theoretical bases of 
the Instructions drawn up for the guidance of those who were to conduct, and of those 
who w'erc willing to take part in the proposed magnetic researches by sea and by land. 
In both works, the facts w’hich had been ascertained were found to be in accordance 
with (and so far confinnatory of) the theory w’hich we owe to the combined industry 
and sagacity of our illustrious countryman and Fellow^, Halley, of the existence of a 
double system of magnetic attraction on the surface of the globe, the direction and 
intensity of the magnetic force being at all points the resultant efiects of the tw’o separate 
systems. In both w'orks, the localities to wdiich the resultant Poles, or Points of 
greatest force (in the northern hemisphere), were traced, were nearly the same, viz. 
one in the northern part of the American continent, and the other in the northern part 
of the Euro pa?o- Asiatic continent. To- have determined their precise geographical 
positions, it would have been requisite that the observations from w’hich they were 
derived should have corresponded, or nearly so, to one and the same epoch, inasmuch 
as one of the magnetic systems is regarded as subject to a movement of translation 
in a geographical sense, giving rise to the phenomena of secular change. But the 
approximation in the conclusions from tw'o such extensive and laborious coordina- 
tions as those which have been named, was fully sufficient to establish that the general 
causes of teiTestrial magnetism referred to must be such as would produce the pheno- 
mena of a double system. Now% combining the expectation expressed in the Report, 


magnetic elements was particularly desirable towards a revision of Ms theory. It appears that of the seven 
parallels of latitude wMch he has employed to give the basis of his numerical calculation, the most southern is 
in 20° S. latitude. Observations carried round a parallel in a Mgh southern latitude are consequently the 
principal desideratum. This is precisely what we have reason to hope will he accomplished by the Antarctic 
Expedition.” 

* An English translation by Mrs. Sabine of M. (tauss’s “AUgemeine Theorie*’ was published in 1S39 in 
Taylor’s Scientific Memoirs, vol. ii. Art. V. 
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of the probability of a connexion subdsting between the magnetic disturbances and the 
more general phenomena of the earth’s magnetism, with M. Gauss’s inference from 
the Gottingen researches, that the source or sources (“point or points of apparent 
origin ”) from whence the disturbing action in the northern hemisphere proceeds must 
necessarily be sought in the north, or in the north-west, of the European continent, it 
seemed reasonable to infer hypothetically that a connexion might be found between 
the “points of origin” of the disturbances, — if these could be more precisely ascer- 
tained and their separate effects distinguished apart, — and the poles or points of the two 
magnetic systems, of which we have the resultants in the centres of the two isody- 
namic lemniscate-loops. The j^rst analysis of the disturbances had shown the disturb- 
ances to be strictly periodical phenomena in their mean effects, and had traced them 
directly to the sun as their primary source^ inasmuch as they were found to be governed 
everywhere by laws depending upon the solar hours. Those who are familiar with the 
theory by wdich the transmission of light from 'the sun to the earth is explained, will 
have little difficulty in admitting a similar explanation of the mode by which magnetic 
influences may be conveyed from the sun to the earth. The analogy has been directly 
recognized and reasoned upon in the explanation of magnetic phenomena by Professor 
Challis in recent papers. It is when the influences reach the earth that the modes of 
their reception, distribution, and transmission may be less clearly apprehended; but 
these are within our own proper terrestrial domain and sphere of research, and are 
therefore more particularly the subjects to which our investigations may be most usefully 
directed. We have here to guide us the simple analogy of a magnetic impulse imparted 
to a bar already magnetized ; the impulse is at once distributed throughout the bar ; 
the poles or points of greatest force being affected in the greatest degree, and the effects 
diminishing as the middle of the bar is approached. W^e may conceive that in like 
manner a magnetic impulse communicated from without might, in either hemisphere or 
in both simultaneously, be received by and produce its principal effect on the poles or 
points of greatest force belonging to the hemisphere, either augmenting or diminishing, 
as the case may be, the mean or ordinary m^netism of each, and thenceforward acting 
generally and conjointly throughout the hemisphere according to laws which are or may 
be capable of determination by suitable means. The possibility of tracing a certain 
locality, or localities, on the globe as a “point or points of origin” where the magnetic 
influences being received might thenceforward distribute themselves according to the 
laws of magnetic propagation, had already been entertained by M. Gauss. In the 
first analysis of the disturbances at the British Colonial Observatories, referred to in 
p. 233, those of each element were treated simply in their aggregate effects, as might 
be conceived to be suitable on the supposition of their proceeding from a dngh smrm 
only. The result was sufficient to manifest their strictly periodical character, and to 
refer them to the sun as their primary source ; but it was at the same time obvious that 
this first analysis could by no means be regarded as a final one, inasmuch as in every 
case there was exhibited a plurality of maxima and minima in the diurnal progression ; 
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giving reason to infer that, by subjecting the disturbances to a more searching analysis, 
systematic progressions indicative of two or more distinct sources of disturbance in each 
hemisphere might be made to disclose themselves. ^ 

It had been found, moreover, that at every station where the examination had been 
made the disturbances of the declination were occasionally deflections to the East, and 
ocxi^ionally deflections to the West, from the mean position of the magnet ; and those of 
the Dip, and of the total Force, occasionally increasing and occasionally decreasing the 
mean values. The aggregate amounts of disturbance in each element were now there- 
fore separated into distinct categories, and the ratios of disturbance at the several hours 
in each category to the mean hourly ratios were determined by a process similar to that 
adopted in the analysis of the aggregate values. The results fully justified the labour 
expended in this proceeding ; each category presented progressions still more systematic 
and of much greater simplicity than had appeared in the preceding investigation pre- 
vious to which the categories had not been separated ; giving great probability to the 
inference that at every station a similar process would manifest that there were at least 
two, and probably only two, distinct sources in each hemisphere, to which disturbances 
occurring simultaneously might be ascribed ; and that by an increase in the number of 
stations, particularly ifthey were judiciously selected, the geographical localities in which 
the greater part at least of the disturbances originated, might be approximately traced. 
Confining ourselves, for brevity, to the illustration afforded by a single element, viz. the 
Declination, it was found that at all stations, in all parts of the globe, the disturbances 
of the declination resolved themselves into two distinct and dissimilar categories ; the same 
two distinct and dissimilar forms of diurnal progression being everywhere reproduced 
with little other variation than that of the particular hours of maxima and minima ; but 
having this additional important peculiarity, that the particular form of the curve of 
the diurnal progression which characterized the Easterly Deflection at certain stations 
marked the Westerly Deflection at certain other stations, and vice versa. It was also 
found that at some stations the Easterly Deflections greatly preponderated over the 
Westerly, whilst at other stations the Westerly were predominant. An attentive con- 
sideration of the facts elicited by this extensive though somewhat laborious investiga- 
tion strengthened the previously prevailing impression, that the progressive increase of 
our knowledge of these remarkable phenomena would lead, in both hemispheres, to 
the establishment of a connexion — ^if not to the identification— of the terrestrial sources 
of the casual and transitory disturbances with the foci, as they are sometimes called, of 
the two magnetic systems of the globe. 

Proceeding from these premises, it appeared desirable to examine whether, if two 
stations were taken in a suitable and nearly similar latitude, one of which might be on 
the eastern and the other on the western side of one of the supposed points of terrestrial 
ongin, and if a sufficient comparison were made of the disturbances simultaneously 
observed at the two stations, the category of easterly deflections at the one station might 
not be found to correspond in the form of the curve, mid possibly also in the hours of 

2k2 
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maxima and minima taken in absolute time, with the category of westerly disturbances 
at the other station. To test this by experiment, it was desirable to select stations, in 
suitable localities, where trustworthy observations could be relied on, inasmuch as the 
experiment would be somewhat of a crucial nature. The Russian stations on the eastern 
side of Siberia and at Pekin, where hourly observations of the declination had been 
made for some years, seemed the most favourably situated for supplying a station on 
the eastern side of the Europseo-Asiatic focus, whilst Kew might furnish a correspond- 
ing station on the western side, as soon as its photographic records should be sufficiently 
advanced. For the Asiatic station Pekin w^as selected in the first instance, although its 
latitude being about 12° south of Kew, might seem to render it a rather less eligible 
station of comparison than one of the eastem-Siberian stations ; but there was at that 
time an idea, originated by Sir Charles TiiEVEiiTAN at the Treasury, that Pekin might 
become a station of a British magnetic observatory, and in that view it was desirable to 
know wKat had already been accomplished there. The first thing to be done was to 
ascertain by a careful scrutiny the degree of reliance to be placed on the obsen'ations, 
these having been made, under the Russian superintendent of the Pekin Observatory, by 
Chinese observers ; and a decisive test w^as at once adopted. It consisted in rewriting 
in lunar hours the monthly Tables which record the observ ations taken at solar hours, 
and deriving from the Tables so rewTitten the lunar-diurnal variation. If this very small 
variation be shown consistently in different years by the observations thus transposed 
from the original record, the observations are entitled to be regarded as good. The 
Pekin hourly observations, from 1852 to 1855 inclusive, as printed in the volumes of the 
‘Observatoire Physique Central de Russie,’ having been thus tested, were found to be quite 
trustworthy. The lunar-diumal variation derivt'd from them in each of the four years is 
shown in Table CXX., p. cxiv of the second volume of the St. Helena Observations, having 
been included in that volume for reasons stated in page cxxxvi. The aggregate values 
of the easterly and of the westerly portions of the disturbance-diumal variation at Pekin, 
as well as the ratios of disturbance at the several hours, are printed in Table CXVIII. 
(p. cxi) of the same volume. The corresponding results obtained by the Kew photo- 
grams between January 1858 and December 1862 are given in a paper in the Philo- 
sophical Transactions for 1863, Art, XII., Table II., and in the same paper (Philosophical 
Transactions, 1863, Art. XII., p. 282) the comparison is made of the Kew and Pekin 
disturbance-deflections, showing that the conical form and single maximum which 
characterize the easterly deflections at Kew, chai-acterize the westerly deflections at Pekin 
at approximately the same hours of absolute time. 

In confirmation of this result a second comparison was made between the results at 
Kew and those obtained from the hourly observations at Nertschinsk in Eastern Siberia 
from 1851 to 1857, printed also in the * Annales de TObsemtoire Physique Central 
de Russie.’ Nertschinsk is almost identically in the same latitude as Kew', whilst in 
longitude it scarcely differs from Pekin. Here also the observations, having been sub- 
mitted to the same test in respect of accuracy, were found to be equally trustworthy ; 
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and the comparison of the disturbance-deflections showed a still more perfect accord 
between the curve representing the easterly deflections at Kew and the westerly at 
Nertschinsk at approximately the same absolute hours. 

To this it should be added that at each of these stations, as at all others, the forms of 
the easterly and westerly deflection-curves are so distinct that they cannot be mistaken 
for one another : the difierence is well shown in figs. 1 and 2 of plate 1 in the “ Eeade 
Lecture dehvered in the Senate House of the University of Cambridge in May 1862 : ” 
the curves there represented are those of the east and of the west deflections at Kew and 
at Hobarton (in Tasmania); and on the same page the westerly curve at Nertschinsk, 
shown in fig. 3, is seen to accord with the easterly curve at Kew, fig. 1. In Plate XIII. 
accompanying the discussion of the Kew observations (Phil. Trans. 1863, Art. XII.), the 
easterly curve at Kew and the w^esterly at Nertschinsk are also shown in figs. 1 and 5; 
these figures represent the ratios derived from the aggregate values of the respective 
disturbance-deflections at Kew from 1858 to 1862, five years, and at Nertschinsk from 
1851 to 1857, seven years. My purpose on the present occasion is to show the corre- 
spondence between these deflections (the easterly at Kew and the westerly at Nerts- 
chinsk) in what may appear to some a more impressive manner, viz. a direct comparison 
of nearly synchronous disturbances in absolute time in the easterly and westerly disturb- 
ances at the tw^o stations, Kew and Nertschinsk, on the most notable occasions of dis- 
turbance in the years 1858 and 1859. I am limited to these two years because the 
photographic record at Kew did not commence until January 1858, whilst the hourly 
observations at Nertschinsk for 1860 and the succeeding years have not yet reached 
England. 

I have adopted the same characteristic at both stations for the days of most notable 
disturbance, viz. all those days in which twelve at least of the twenty-four equidistant 
epochs were disturbed to an amount equalling or exceeding “ the separating value,” \dz. 
3''3 at Kew, and 3'-5 at Nertschinsk; the difierences from the normals of the same 
month and hour at Nertschinsk being entered in the Table at the close of this paper, 
as those at Kew were in the Table in the Philosophical Transactions for 1863, Art. XII., 
p. 274, wdth which it may be compared. The number of days so characterized in 1858 and 
1859 are at Kew forty-two, and at Nertschinsk forty-four ; a great part of the disturbances 
being on the same days at both stations, but not invariably so, since, as is known, 

a disturbance affecting one element at one station does not always affect the same 
element at another station." In inspecting the Summary at the close of the Table, it 
must be borne in mind, on the one hand, that a very regular progression can scarcely be 
looked for from disturbances occurring in the very limited space of two years ; but, on 
the other hand, that 1858 and 1859 were years of maximum disturbance in the decen- 
nial period, and are therefore years of peculiar suitability in the case of a very limited 
comparison. The aggregate value of the disturbances at Nertschinsk in 1854 was 349 < 
minutes of arc, and in 1859 5602 minutes* 

* An inquiry into the years coiresponding to the epochs of mmimum of the decennial Tariation from 1823- 



240 


MAJOB-aiNERAL SABINE ON THE DISTURBANCES OE THE 


The comparison of the contemporaneous disturbances at Kew and Nertschinsk in 1858 
and 1859, which are giren in detail in the Table at the close, may perhaps be facilitated 
by the subjoined Tables I, and II., in both of which the hours are those of absolute 
solar time at Kew, whilst the deflections are easterly at K.ew and westerly at Nertschini^. 


Table I. 


Kew Astronomical Hours. 


Slations, 


i 6. : 7. 

1 

8. 

9. 1 10. ^ 

11. i 12. i 13. ' 

1 

14. 15. 

1 16. 1 17. ^ 

1 Kew 

Nertschinsk 

....i 67 ! 93 
.... 36 1 47 

* 75 
40 

144 187 

69 ’ 106 j 

93 : 146 1 204 

1 1 , 

2061 131 
198 1 159 

77 } 25 
103* 75 ^ 


Table II. 


* Kew AstiHinomical Hours. * 

18 . ! 19. ; 20 . 21 . 

I'll 

22. , 

1 2.1 '0 * 1. ' 2. ! 1 I 4. ‘ 5, * 

! i J 

Kew 27 34 ' 33! 8 | 13 

Nertschinsk 75 79 154 j 88 j 72 i 

1 ' ' ' i * 

1 12 59 i 40 i 46 j 33 ! 46 i 2 H 
63 32 46 ; 54 , 20 i 25 : 16 j 


It is seen that much the larger proportion of the disturbances at both stations occur 
between the hours of 6 and 17, Kew time. They exhibit a generally progressive 
increase of disturbance, easterly at Kew and westerly at Nertschinsk, from G to 13 
hours, and a progressive decrease from 13 to 17 hours, also easterly at Kew and westerly 
at Kertschinsk. It is at these hours, viz. the hours contained in Table I., that the dis- 
turbances which produce opposite deflections at the two stations, and may therefore be 
supposed to proceed from a source intermediate between the stations, have their prin- 
cipal preponderance. In Table II. containing the hours, also of Kew time, from 18 to 
5, and the deflections still easterly at Kew and westerly at Nertschinsk, we find the 
disturbances at both stations generally lessened in their aggregate amount, as 'vve may 
suppose might be occasioned by the interference of distui'bances of an opposite character 
proceeding from another and a more distant source. Admitting this supposition, the 
principal operation of the interfering cause does not take eflect at the same hours of 
absolute time at the two stations; it appears to be chiefly influential at Kew from 18 to 
23 hours, and at Nertschinsk from 0 to 5 hours. 

I have thus endeavoured to trace consecutively the steps by which the probability of 


1824 to 1853-1854 is to be found in the second volume of the St. Helena Observations, published in 1860, 
pages cxxi-cxsxvi. Assuming the period to be approximately decennial, we should now (1863-1864) be arrived 
at riie fourth recurrence of an epoch of minimum in forty years. Appearances, as yet, ge«m to favour Hie 
recurrence of the minimum at the expected epoch. In 1865 and 1866 and succeeding yeara the disturkme^ 
should te ^pected to be on the hua^f^e. 
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a connexion subsisting between the points of terrestrial origin of the disturbances, and 
the Poles or Points of maximum force of the two systems which conjointly determine 
the distribution of the magnetic induence on the globe, has been examined, ai^d to some 
extent strengthened. We have now to await the concurrent evidence which may result 
from a similar examination of the disturbances of the Dip and of the Total Force, which 
it is hoped may appear in a continuation of the papers on the results obtained at the 
Kew Observatory. But for the completion of the retrospective view of the progress 
which has been made in developing the theory of the magnetic disturbances, and in 
conducting us possibly to a more perfect knowledge of the general causes of terrestrial 
magnetism than 'we previously possessed, I must revert to the remark occurring in the 
earlier part of this paper (page 232), that the value adopted for each element and at 
each station to characterize what should be regarded as a disturbed observation, was 
purposely made a comtmit amount, with a view to an examination of the relative amount 
of disturbance in different months and in different years. It was in this way learnt, as is 
stated in the second volume of the Toronto Observations, pp. xxii and xxiii, that “1843, 
1844, and 1845 were years in which the proportion of observations affected by a certain 
constant amount of disturbance was much smaller than the preceding years 1841 and 
1842, or the following years, 1846, 1847, and 1848;” presenting thus the aspect of a 
periodical variatimi of which the epoch of minimum might be assigned to the years 
1843 and 1844, but of which the period or cycle had yet to be learnt. The phenomena 
were not peculiar to a single station, but were found to correspond in localities most 
distant from each other : nor were they confined to one only of the magnetic elements, 
but w’ere exhibited by all. each element having its own distinct instrumental means of 
measurement. They were therefore recognized as the indication of a magnetic affection 
common to the whole of our globe, constituting a periodical variation in the amount of 
disturbance in different years. In 1851 and 1852 the aimual ratios of disturbance were 
found to be everywhere decidedly on the decrease, the epoch of maximum appearing to 
have taken place in 1848-1849. The eridence of the existence of a decennial variation 
appearing to be thus complete, its announcement, as a fact of ’which the knowledge was 
acquired by a process of investigation specially designed for the discovery of any such 
periodical variation, if one should exist, w^as on the point of taking place, when a fortu- 
nate incident (the receipt from M. de Humboldt of a proof-sheet of his "Kosmos,’ con- 
taining the first publication of Hofrath Schw^abe’s Table of the variations of the solar 
spots from 1826 to 1850) brought to my knowledge the existence of a corresponding 
variation in the physical aspect of the sun, precisely similar in period and epochs to 
the terrestrial magnetic variation. The importance of a revelation which gave a present 
apparent connexion, and presented the promise of establishing a permanent connexion, 
between the previously isolated terrestrial magnetic phenomena and the physical affec- 
tions of the central body of our system, could not well be overrated. It was not alone 
the cosmical character which it imparted to a single terrestrial magnetic variation other- 
wise unconnected and inexplicable, — but there could scarcely fail to be impressed on the 
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mind of every reflecting magnetician the possibility, almost amounting to probability, 
that the second system of the terrestrial magnetism, which by the change in its rela- 
tions to geographical space seemed to be distinct and dissevered from the magnetism of 
the earth properly so called (L e. the collective action of all the permanent magnetic 
particles of the earth’s mass, ha\ing its seat in the earth itself), might, like the decen- 
nial variation, be hi truth assignable to a cosmical origin. The movement of translation 
on the earth’s surface of the second system, and ^ith it the whole phenomena of the 
secular change, would thus be regarded as belonging to, or being part of, a cosmical 
variation. It has, indeed, all the characters befitting such a relation, besides appearing 
inexplicable on any other hypothesis : we do not, indeed, yet know the duration of this 
far longer period, nor are we able to trace its course by visible signs on any of the 
heavenly bodies, as we trace the decennial period by the changes in the magnitude 
and frequency of the sun-spots. We infer its existence only from the terrestrial mani- 
festation afibrded by the secular change in the magnetic elements. 

The “ Terrella,” by which Halley figured to himself a cause capable of producing 
phenomena of the order and regularity of tliose which his laborious and extensive 
generalization had disclosed to him, has never, I imagine, found favour as a probable 
physical reality. Viewed simply as an illustration of the systematic arrangement, sym- 
metrical progression, and exceeding regularity of the effects, and the consequent neces- 
sity for the admission of qualities of the same order in the causes^ of the terrestrial 
magnetism and its secular changes, Halley’s Terrella had its proper value; and it 
would have been well if the lesson wBich it inculcated had received more considera- 
tion than it has done from those who, more than a century after his publications, have 
attempted to explain the phenomena of the progressive magnetic change by accidental 
or adventitious variations m the superficial temperature of the globe or of its atmo- 
sphere, or in the occasional development or protrusion of magnetically attractive or 
repulsive rocks beneath its surface. The order and harmony of the facts manifested by 
the researches of a much earlier date had already efiectually removed them from the 
category of partial or accidental occurrences. The symmetry of then* general distribu- 
tion, the countei'part to each other presented by the phenomena of the northern and 
southern terrestrial hemispheres, and the regularity with which the periodical changes 
take place, indicated a systematic causation w'hich, obscure as it might be, wns obviously 
anything but fortuitous. And when to the increased knowledge of the general pheno- 
mena acquired in the last and present centuries, confirming and extending the previous 
conclusions, was added the eridence obtained by the observations of the British Colonial 
Observatories, that the secular change is progressive in the extremest sense, that each 
week shows (and that if the means of observation were sufiiciently refined it is more 
than probable that each day w ould show^) an exact aliquot part of the annual change, 
the conviction became almost irresistible, that the causes which produce such remark- 
able eflects can only have a cosmical oiigin. 

The objections that might have impeded the reception of such an hypothesis before 
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we had learnt to recognize in the sun itself a source of magnetic energy, — ^before we had 
been informed by the sunrspots of the existence of periodical variations in the physical 
aspect, and consequently in the physical condition of that luminaiy, — and before we had 
succeeded in connecting these by their identity in period and epoch with the magnetic 
variations of our terrestrial sphere, — ^are no longer tenable. The solar origin of the 
variations in the magnetic phenomena of the earth’s surface is indeed legitimately infer- 
rible from their correspondence to solar hours ; but in the decennial cycle, discovered 
in the solar spots and in the terrestrial magnetic disturbances, we have the ahsohde 
eridence and the ocular demonstration of a periodical variation common to the sun and 
to the earth, which in the sun is cognizable by our visual organs, and wiich, in the case 
of the earth, we know to be a magnetic variation. 

We do not, as yet at least, possess a similar ocular demonstration of a connexion 
between the sun and the earth in the cycle of longer duration corresponding to the 
earth’s secular magnetic change. But careful observations of the variable phenomena 
of the solar disk can only be said to be in their commencement ; and it would be prema- 
ture to assume that no visible phenomena, will ever be discovered in the sun which mil 
render the evidence of connexion as complete in the one case as in the other. But such 
eridence is not a necessaiT condition of an existing connexion ; the decennial period 
would have been equally true (though not so readily perceived by us) if the sun-spots 
had been less conspicuous. 

In the cosmical hypothesis here imagined, the north “ pole or point of greatest 
attraction” (adopting Halley’s phraseology) of the induced terrestrial system at this 
epoch is in the north of the Europgeo-Asiatic continent, whilst that of the magnetism 
^rofcr of the globe is in the north of the American continent ; the dii*ection of the 
magnet' “ in those parts which lie adjacent to either being governed thereby, the nearest 
pole being al'wmys predominant over the more remote” *. 

In the references made in this paper to the existence of a Theory of Terrestrial Mag- 
netism, and to the advantage which I have myself endeavoured to derive from it in 
guiding experimental inquiry, I vrish it to be understood that I employ the term 
“ Theory^” and regard its office in the work of inductive research, in the same light in 
which both were viewed by the late Professor Playfair. “ In physical inquiries the 
work of theory and observation must go hand in hand, and ought to be carried on at 
the same time ; more especially if the matter is very complicated, for then the clue of 

* I have recalled these words of Halley in the text, because they show that he already recognized what has 
since been dwelt on by other magneticians, viz., that we must discriminate between the true poles or points of 
greatest force of the terrestrial and induced systems, and the apparent poles or centres of the isodynamic loops, 
which are the resultants of the double system. It is not improbable that the further ohsejvation and study of 
the magnetic disturbances, when those of the three elements are brought to bear together on the question, may 
guide us directly to a knowledge of the geographical positions of the true foci, as distinguished from the resultant 
foci. We have now learnt experimentally, i. e. by the ol^servations of Captains Hagliee and M^Cliktocb: 
(Phil. Tr^. 1863, p. 657), that the resultant fod are not themselves the points of origin of the disturbances. 
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theory is necessary to direct the 
obserrer. Though a man may 
begin to observe without any 
hypothesis, he cannot continue 
long without seeing some gene- 
ral conclusion arise ,■ and to the 
nascent theoiy it is his business 
to attend, because by seeking 
either to verify or to disprove 
it, he is led to new ex]>eriments 
and new’ observations. He is 
led also to the very experiments 
and observations that are of the 
greatest importance ; namely, 
to those histantim Crucis’ that 
naturally present themselves for 
the test of everv’ hypothesis. 
By the correction of his first 
opinion a new approximation is 
made to the truth, and by the 
repetition of the same process 
certainty is finally obtained. 
Thus Theory and Observation 
mutually assist one another ; 
and the spirit of system, against 
which there are so many and so 
just complaints, appears never- 
theless as the animating prin- 
ciple of inductive investigation. 
The business of sound Philo- 
sophy is, not to extinguish this 
spirit, hut to restrain and direct 
its efforts.” 
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--No obeorvations were made at Nertschiiisk in J uly 185U. 
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V"!!. Theoretical Condderatiom on the Conditions under which the {Drift)* * * § Deposits 
cmtaming the Remains of Extinct Mammalia and Flint Implements were accumur 
latedL, and on their Geological Age, % Joseph Peestwich, Esg., F.R.S., F.G.8. 

Received March 20, — Read March 27, 1862. 

On the Loess of the Valleys of the South of England^ and of the Somme and the 
Seine, By Joseph Prestwich, Esq., F.R.S., F.G.S. 

Received May 15, — ^Read June 19, 1862. 

I'Note. — B y permission of the Council of the Royal Society these two papers have been incorporated. At the 
time of reading the first paper, the author felt difficulties respecting the origin of the Loess, which led him 
to defer the consideration of the subject. "WTien he afterwards brought forward the second paper, 
it proved so clearly complemental to the first, that the rearrangement of the two became d^irable and 
almost necessary. This has also enabled the author to shorten both papers. The main portion of the 
second now appears in § 4. The bracketed remarks in the Introduction are inserted in consequence of 
a suggestion made to the author that it would be desirable to state in what respect the views advocated 
by him differ from those previously brought forward. Returned May 21, 1863.] 

§ 1. INTRODtCTORY REMARKS. 

In the paper I had the honour to lay before the Royal Society in May 1859f, on the 
occurrence of Flint Implements in France and in England associated with the remains 
of extinct mammalia, I postponed the consideration of the theoretical questions involved, 
to allow time for a more complete investigation of the physical phenomena. The facts 
I sought on that occasion to establish were, — 1, the artificial nature of the Flint- 
implements ; 2, their occurrence in undisturbed ground ; 3, their contemporaneity with 
the extinct animals ; and 4, their postglacial origin. Subsequent researches by myself J ’ 
and other geologists have confirmed my views upon these several points §. 

When I first visited Amiens in 1859, the opinion I formed was that the St. Acheul 
gravel-beds were deposited before those of St. Roch, and that the excavation of the 

* The term Drift ” has been hitherto used as a convenient expression for the superficial beds generally ; 
but as the relative positions of these beds are becoming better determined, we shall now be able to drop this 
term and introduce others of greater precision. 

t Philosophical Transactions, voL cl, p. 277. See also Mr. Evans’s paper, Arehseologia, vol. xxxviii. p. 280. 

t Joum. Geol. Soc. vol. xvii. p. 362, where the various localities are mentioned. 

§ Floweb, Quart. Joum. Geol. Soc. vol. xvi. p. 190, June 1859. GAimfiT, Comptes Rendus, Oct. 1 859, p. 465. 
G. PoiJCHBT, Actesdu Mus. d’Hist. Nat. de Rouen, 1860, p. 33. L’Abbe Cochet, Mem, de la Soc, d’Emulation 
d’AbbeviRe, 1858-61, p. 607. Evans, Archeeologda, voL xxxix . p. 5, 1861. See also Sir Chakles Lyeel’s 
Addr^ at the Aberdeen Meeting of the British Association, Sept. 1859 ; Mr. Leonaed Hoenee’s Anniversary 
Adders to the Geol. Soc. Feb. 1861 ; Sir Bodeeick Mubchison’s Address, Brit. Assoc. Sept. 1861. 
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Somme valley was of intermediate date ; but I hesitated to adopt this view until facts 
could be obtained for a surer decision. The upper section at Montiers, however, which 
I discovered in 1861, was conclusive as to the relative ages of the two gravels. 1 
liad further considered that, supposing even this relation to be established, it was possible 
for the excavation of the valley to have been partly the result of some exceptional 
agencies, by which the interval of time between the formation of the beds of St. Acheul 
and those of St. Eoch might have been shortened. But after repeated visits to the 
several districts during the last three years, and looking at the question from eveiy 
point of view, I find myself unable to discover a sufficient explanation in the direction 
in which I first sought for one, and have been led to form conclusions respecting the 
causes in operation differing considerably on some points from those I at one time 
thought to be the more probable. 

[A few very brief remarks on the opinions hitherto held respecting the position and 
age of the deposits of this class may here not be out of place. In my former paper 
I showed that the flint-implement-bearing beds were of later date than the Boulder 
Clay, and that at Abbeville the latest of them passed directly under the recent allurium 
of the valley of the Somme. They thus occupy a definite geological period, which yet 
remained to be studied as a whole. The quaternary deposits in general, of which these 
beds form part, had long been the subject of my special investigation. The various 
drift-gravels had been regarded, — 1, as being of marine origin ; 2, as due to cataclysmic 
action; and 3, as of fluviatile origin. In one place we had marine shells, at others 
freshwater shells. But as the greater number of the gravel-beds were without fossils 
and occurred at very different levels, it was a long-debated question how they should 
be correlated. Palseontologists too were of opinion that the fossils indicated different 
ages, so that the freshwater deposits in a single valley, like that of the Thames, were 
held to be of independent and not synchronous formation ♦. On the palaeontological 
evidence, the beds of Grays were generally supposed to be pliocene or preglacial, a view 
maintained by Sir Chaeles LvELLf until 1857, when he expressed uncertainty as to 
their age. Other beds in the same valley, as those at Brentford, were considered by Sir 
Chaeles to be newer than those of Grays. On physical grounds I had long been 
satisfied of the contemporaneity of these deposits, and contended for their posteriority to 
the Boulder Clay. Professor Moeeis and Mr. Teimmee had also arrived at very shnilai- 
conclusions, and were both in advance of me in attributing the phenomena to old river- 
action, but neither they, nor, as far as I am aware, any other geologists had attempted 
to make the rule general ; nor had they taken in the high-level gravels, or the Loess, as 
belonging to the same series and as part of the same phenomena. When, further, I found 
similar land and freshwater shells at Hurley Bottom and other places in the Thames 
valley, the different deposits, showing the same conditions, became readily correlated. 

♦ Fokbi®, Mem. Geol. Survey, vol. i. pp. 393, 395 ; Seakles Wood, Trans, Palaeout. Soc. for 1848, p. vi. 
and 1856, p. 304 ; Woodward, Manual of the Mollnsca, p. 298 ; and others. 

t M^ual of Elementary Geology, 5th edit. 1855, pp. 153, 154, and Supplement, 1857, p. 5. 
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But although it was evident that there were old land surfaces and possibly old rivers, 
there was no evidence that any supply of water could have existed to fill such lai^e 
valleys ; and the present streams seemed totally inadequate to have spread out such vast 
beds of gravel and sand, by far the greater part of which are also without organic 
remains to indicate their origin. Sir Chaeles Lyell, who advocated the fluviatile origin 
of these lower vaBey-gravels, considered that it would be “ a rash inference” to conclude 
‘‘ that rivers in general have grown smaller, or become less liable to be flooded than 
formerly” *. This view, more or less modified, was held also by many other distinguished 
geologists. I could not accept it, because it seemed to me that to form such beds of 
gravel some greater water force must have been in operation than that which now 
obtains ; at the same time, the hydrographical basins and the watersheds being the same 
as they were at that Quaternary period, I did not see whence the larger supply of water, 
which seemed to me indispensable, could have been obtained. 

That valleys have been excavated by rivers was the hypothesis brought forward by 
Hutton and Playfair f. It has been frequently advocated since; but the opinion has 
made little progress, owing to the absence of proof of how such an operation could have 
been effected, and to the insufficient physical and palaeontological evidence. The subject, 
as far as regards Auvergne, was ably touched upon by Mr. Poulett SceopeJ in 1827, 
and discussed and argued more fully by Croizet and Jobert§ in 1828. Some remark- 
able cases were described by these geologists, to show, from the position of old shingle- 
beds preserved under masses of basalt, high above the present rivers, that the rivers 
in that part of France had excavated the valleys in which they now flow ; but the 
cause of such phenomena remained unexplained, and the date undetermined. 

Mr. Godwin-Austen showed, so early as 1837 jj, that in Devonshire there were ter- 
races of gravel fringing the valleys; and in 1851 and 1855% in correlating these and 
other quaternary deposits, he considered that the ancient low-level alluvia of the Thames 
and Seine valleys, and the old beach and the Elephant-beds of Brighton, were anterior 
to the Boulder Clay, and he was further of opinion that river- and ice-action had played 
an important part in producing these valley deposits. Sir Charles Lyell also discussed 
with his usual ability the question of the origin of valleys, and of ancient river-alluvia 
and liver-terraces, both in his ‘Principles’ and in his ‘Elements’**, but without 
attaching to the phenomena the importance I would show them to possess in such 
valleys as those of the Thames and the Seine. He w^as rather disposed to attribute the 
erosion of some lower parts of the valley of the Seine to sea-actionff . Mr. Trimmer 

* Op. dt. pp. 70 & 84. ' t Theory of the Earth, vol. ii. p. 401. 

t Memoir on the Geology of Central France, Ist edit. pp. 163-4. 

§ Ossemene Fossiles dn dept, dn Puy-de-Dome, pp. 66-88, 

II Trans. Oeol. Soc. 2nd series, vol. vi. p. 439. 
f Q. Jonm. Geol. Soc. vol. vii. p. 136, and vol. xiii. p. 40. 

** Op. cU. p. 85, and Principles of Geology, 9th edit. pp. 219 & 484. 

ft dt. p. 269 & 2/1. ++ Quart. Joum. Geol. Soe. vol. ix. p, 286, 
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noticed the existence of terrace-gravels in the Thames valley, but explained them by 
alternate movements of depression and elevation*. 

Sir R. Mtjrchisok also described at length some of the Drift phenomena of the 
South-east of England, more especially of the Wealden ar^ This distinguished geolo- 
gist arrived at the conclusion that the heaps of detritus and angular debris following 
certain lines on the borders of the Wealden area, and found also in the Thames valley, 
result from the action of waves of translation passing from west to eastf, and that the 
fossil mammalia (at Folkestone) were destroyed “ by violent oscillations of the land, and 
were swept by currents of water from their feeding-places into the hollows where we 
now find them”J. Mr. Hopkins, in reviewing the question of the Drift, agreed with 
Sir Rodbeick in supposing that the Wealden area has been traversed by waves of trans- 
lation and in attributing to such agencies much of the Drift phenomena. 

The observations of the distinguished naturalist the late Professor E. Fobbes, 
recorded in his Anniversary Address, in 1854, to the Geological Society, express the 
then unsettled state of the question relating to the Drift || ; whilst the opinion hitherto 
commonly held with regard to the range in time of the large mammalia is manifested by 
Professor Phillips^ and so many other eminent writers on the subject having restricted 
them to the preglacial period. 

In France similar differences of opinion have prevailed respecting these particular 
quaternary deposits. The \iews generally adopted, however, with regard to the valley- 
gravels have been that they are the result of diluvial action, caused by waves of transla- 
tion, or by cataclysms arising from the bursting of lakes, or by the sudden melting of 
the snow on mountain-chains. The deposits of this age in the valley of the Seine and 
other rivers in the North of France are usuaRy classed under four divisions, viz. Loess, 
Bilmiwm rouge (part), Sables lacustres, and Diluvium gris, each being regarded as of 
separate and distinct origin, and the two diluviums referred to cataclysmic origin **. 

Thus there were two extremes; I have been led to adopt an intermediate course. 
I could not admit the possibility of river-action, as it now exists, having in any length 
of time excavated the present valleys and spread out the old alluvia ; neither was it pos- 
sible to admit purely cataclysmic action in cases where the evidences of contempo- 
raneous old land-surfaces and of fluviatile beds were so common. But with river-action 
of greater intensity, and periodical floods imparting a torrential character to the rivers, 
the consequences of the joint operation are obtained, and the phenomena admit of 

* The occurrence of old river-terraces along narrow valleys is one of the features earliest noticed by geolo- 
gists, but these are quite distinct from the great and isolated beds of gravel capping the adjacent hills. 

t Quart. Joum. Geol, Soc. vol. vii. p. 361. t Ibid. p. 386. § Ibid. vol. viii. p, li. |i Ibid. vol. x. p. xliii. 

^ Manual of Geology, edit. 1855, p. 408. This opinion held good till 1859 and 1860. 

** An excellent resume of this subject in given in M. d’Archiac’s ‘ Progres de la GMogie,’ vol. ii. pp, 1-4, 
154-221, 421-433. See also Ansted’s ‘Elem. Connse of GeoU 2nd edit. 1856, p. 416 et seq.; D’OatALins 
D’Halloy’s ‘ Abr^e de GM.' 7th edit. 1862, pp. 228-38, 449, 478 ; and a paper by M. Cn. d’Okbioxt (fol- 
lowed by one by M. Letmjeeie) in Boil. Soe. Geol. 2® ser. vol. xii. p. 1297-1304, with observations by 
M. Hebekt and othem ; and another by M. Butbux in vol. xvii. p. 72. 
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more ready explanation. I long since had proposed the separation of the gravels into 
the high-level gravels and low-level gravels, and shown that the former were older 
than the latter. I was, however, at one time disposed to adopt in part some of the 
views of M. Elie de Beaumojtt with respect to the operation of cataclysmic action in 
preference to the slower action of rivers ; but further research, and the discovery of 
land and freshwater shells in so great a number of low-level gravels, and in some of 
the high-level gravels, and especially the striking evidence eventually alForded by the 
beds of St Acheul, and by the higher-level gravels around Paris*, satisfied me that 
river-action peculiar to each valley commenced -with the high-level gravels, while the 
mass of debris and the large blocks present in the beds indicate the action of a large 
volume of water and of ice-transport. Further, I was ultimately led to connect the 
Loess with both series of valley-gravels, and the frequent independence of the former, 
which at first seemed an irreconcileable difficulty, finally proved an important auxiliary 
fact ; for the separate range of this deposit now serves as a measure of the old flood 
waters, and of the extent of the river inundations during this quaternary period. 

I conceive that the hypothesis brought forward in this paper gives consistency to the 
whole subject. It brings down the large mammalia to a period subsequent to that when 
the extreme glacial conditions prevailed, and closer to our own times ; it places all the 
old river alluvia in the same period, and groups together the previously isolated fluvia- 
tile beds of Grays, Brentford, and other places in England, together with the Loess 
and various Sables lacustres” and “diluriums” (part) of the French authors; it con- 
nects the great platform terraces of gravel skirting so many of our river-valleys with 
the same period, and makes the connexion between these, and the excavation of the 
valleys themselves and the formation of the Loess, dependent upon one prolonged and 
uniform set of operations, in accordance with the climatal conditions and necessarily 
resulting from them. — May 1863.] 

§ 2. GEOLOGICAL POSITION OF THE FUNT-IMPLEMENT-BEARING BEDS. 

In almost every instance the flint implements have been found in beds of sand and 
gravel along the line of existing river- valley s,^ — in some cases but little above the level 
of the rivei’S, in others on adjacent hills at heights of from 30 to 100 feet above the 
river. In these valleys one series of gravel-beds is spread over more or less of their 
breadth, rising occasionally on their flanks to a height of 10 to 30 feet, and ranging 
throughout their length, though constantly obscured and hidden by recent alluvial 
deposits. The lower ranges of hills which flank these valleys on either side are occa- 
sionally capped by other similar gravels, but which, so far from being continuous like 
the lower-level beds, occur only at intervals, and there are long tracts without any such 
drift. The higher gravels are also generally separated from the lower gravels by a bare 
sloping surface, whilst they rarely extend far from the valley and never reach the tops 

* Tins evidence is, Tvith a few rare exertions, wanting in the high-level gravels of England. 
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of the higher hills. The two series bear nevertheless a definite relation one to the 
other. They both consist of debris derived j&:om rocks in the valleys through which 
the present rivers or their tributaries flow, and they both occasionally contain organic 
remains, of which the greater number of species are common to the two. Both series 
may be considered as “ valley-gravels;” but for the sake of distinction I purpose calling 
that which occupies the bottom of the valleys, and reaches to a comparatively small 
height above the river-level, the “ low-level valley-gravels,” whilst to that found on the 
adjacent hills, I would apply the term “ high-level valley-gravels.” The height of the 
latter above the valley is variable ; and though generally limited to one main platform, 
it is not always on the same level, and there are cases of minor intermediate terraces 
between the extreme levels. The heights are of course relative one to the other, and 
not directly to the sea-level. 

of the Waveney , — The levels recorded in my former paper establish the fact 
that the flint-implement -bearing deposit of Hoxne is at a height of 40 feet above the 
Gold Stream, and 50 feet above the Waveney, of which the Gold Stream is a tributary. 
Mr. EvAJfS and I found a very similar deposit, also overlying the Boulder Oay, at Athe- 
lington, a few miles higher up the valley of the former stream. In following the course 
of the Waveney, from above Diss to the sea at Lowestoft, terraces of gravel are found at 
distant intervals on the adjacent hills. They never extend far from the valley, and the 
intermediate higher but flat ground between the river-valleys invariably presents bare 
tracts of Boulder Clay. It is particularly between Diss and Harleston that these terrace- 
gravels are best exposed, and where I have determined with some care their extent and 
development (Plate V. fig. 3). I have found them on the right bank of the Waveney. 
at Stutston Common, Oakley, and Shotford Heath, lying upon the Boulder Clay ; and 
on the left bank at Scole, Biliingford, Thorpe Abbots, and Needham. Thence to the sea 
they may be traced at intervals on both sides of the vaUey ; but they seem gradually to 
fall to a lower relative level. At the places above mentioned, on the contrary, they occupy 
a tolerably regular level of from 40 to 60 feet above the valley, are from 5 to 12 feet thick, 
and rarely exceed a quarter of a mile in length, or more than 200 to 400 feet in width. 
They consist chiefly of a mass of subangular flints, with pebbles of siliceous i^dstones 
and of the older rocks, in a matrix of ochreous sand and clay. No organic remains have 
been found in them. The low-level gravel is not often exposed, being generally covered 
by alluvial deposits. It may, however, be seen at Oakley and at Needham, and has 
been reached at various places under the recent alluvium of silt and peat. Care must 
be taken to distinguish these gravels from those which underlie the Boulder Gay in this 
district. The latter are more sandy and far more distinctly stratified*. They may be 
seen in superposition in a pit on the hiU above Oakley Street ; in contact with the high- 
level gravel at Needham near Harleston, and at Moor Bridge near Hoxne; and lying on 
the Boulder Clay at Thorpe Abbots. The following section, taken across the valley 

* The great nuiiiber of pebbles of white quartz is one of the chief features which serv^ to (hstinguish the 
gravel under the Boulder Clay from the valley-gravels. 



CONTAIHIHG FLINT IMPLEMENTS, AND ON THE LOESS. 


268 


of the Waveney between Scole and Hoxne, shows the relation of these gravels to each 
other, to the Boulder Oay, and to the surrounding district*. 


Big. 1 . — Sectkn acroBS the Valley of the Waveney, near Hoxne. 



a. Alluvial deposits. e. Low-level valley-gravel. d. High-level valley-gravel. 

Trac^, hut somewhat indistiuct, of Lo^ exist on the gravel d, and on the slopes of the valley. 

1. Boulder Clay. 2. Sands and gravels under the Boulder Clay. 3. Chalk. 

Thx. dotud lines here and in die other sections show the presumed old surface. 

The higher valley deposits assume in the tributary valley of the Gold Stream at 
Hoxne a more lacustrine character. The lower-level gravels may be seen in the field 
opposite the Swan Inn, overlying the sand and gravel of the Boulder Clay series. 

Valleys of the Ouse and Lark ^. — In the mala valley of the Ouse at Bedford eight 
flint implements have been found under circumstances which admit of no doubt of their 
geological position ; and at Icklingham in the vaUey of the Lark, a tributary of the same 
river, two specimens have been met with, which, although not discovered in dtu, there 
is good reason to believe came from the high-level gravel J. In descending the valley 
of the Lark, from Bury St. Edmunds to Icklingham, Mr. Evans and I found it flanked 
by low ridges of gravel rising from 20 to 30 feet above the valley, and these again com- 
manded by higher ground formed of the Boulder Clay. In a pit at Fiempton I found 
in the gravel a fragment of bone, and remains of the Elephant have been met with at 
various places near Bury St. Edmunds ; but we saw no traces of shells in any of the drift- 
gravels or sands of this district. The section of the valley is as follows : — 


BHg. 2 . — Section across the VaUey of the Lath, near Icklinyham. 

S.S.W. LfcCKFoRD RA.MPART FIEUD BRlCt^ JCKLINSRAM 



a, Eacent alluvial deposits. c. Low-level gravel. d. High-level gravel. (Only traces of Loess. ) 

1. Boulder Clay, 2. Sands and gravel under tiie Boulder Clay. 3. Chalk. 

In the valley of the Ouse at Bedford (see fig. 3) I have been imable to detect at 


* The scale of height in these and all the following river-vaUey sections is 1 inch to 400 feet. In the hori- 
zontal scale 1 inch equals about | a mile (except figs. IAS). The base-line gives the sea-level approximately. 

t I originally msrie a section of the valley of the Ouse at Bedford in 1854, and then determined the relation 
which the well-known mammaliferons gravel of this vattey bore to the adjacent Boulder day. The number 
of fo^ bon® subsequently discovered in the cutting of the Great Northern EaBway, led Mr. Evans and my- 
8^ at once to direct our attention to this valley on our return from the vaUey of the Somme in 1859. The 
discoveiy, by Mr. Evans, of fluviatile shells in the Biddenham gravel confirmed the analogy we suspected, and 
we directed Mr. Wyatt’s attention to it and to the probable occurrence of flint implements, in the search for 
which this gentlemmi has rinoe been so successftil. 27 specimens are now recorded by Mr, Wyatt. — Feb. 1664. 
^ Tl^e author in Qu^. Joum. Geol. Soc. vol, xvii. p. 363. A number more have been since found (1864). 
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present any distinct high-level gravel. I am rather disposed, 
hovFever, to consider it possible that the gravel at the Bidden- ^ ^ ^H||| < 

ham pit, where flint implements have been discovered, may | g » 

belong to that series, although not to the highest level ; for d | I 

although the ground slopes very gently towards Bedford, and I | 

could not mark any break in the continuity or much change 
in the character of the gravel, still, in the distance of mile, m 

there is a difference of level of some 20 to 30 feet between z g I 

the Biddenham pit and the gravel adjoining the railway and So | 

under the town*. There are also apparently certain slight w| -i®- 

differences in the fauna. At Biddenham the remains of the | 

Hippopotamus have not yet been met with, whereas in the ^ * j | 

railway-cutting near the town they were very abundant. The ^ I H 

profusion also of the other mammalian remains at the latter | ^ i ; 

place is in marked contrast to their rarity at the former. C i 

^ ® S “■ j « , 

I have traced the gravels with similar conditions of structure ^ ® in; 

above Bedford, as far as Olney and Wolverton, and in descend- 
ing the river I have followed them at intervals as far as Lynn. ® ^ lii 

At Offord, 3 miles S. of Huntingdon, there is a well-marked low j I?*, 

terrace of gravel, in which a large number of mammalian re- t I'lj-n... 

mains were found during the making of the Great Northern ^ 

Railway ; and at Hemingford, 2^ miles E. of Huntingdon, a | || 

freshwater deposit vdth mammalian remains has been de- .| ^ || 

scribed by the Rev. Mr, De la CoNDAMiXEf , which I consider | ^ ^ R 

belongs to the low-level valley series. J S > r, 

Herne Bay, — I am unable to offer a sufficiently satisfactory ““ W 
account and explanation of the position of the flint implements ^ 
found on the shore near Heme Bay. Whether derived from v 

a clay drift or from the gravel which caps the cliffs is uncer- f 

tain. With respect to that at Swalecliffe, between Heme Bay I 

and MTiitstable, it would seem to have been derived from a „„ 

freshwater and mammaliferous clay and gravelly sand, belonging 
to a low-level valley deposit and abutting against a cliff 54 feet i 

high, on the top of which is a bed of high-level gravel. The j (| 

same gravel may be traced on the other side of the valley at I " 

* A recent visit to Bedford, and. fresh, levels taken 19101 Oie aneroid baro- £ ®|i!| 

meter, have confirmed this distinction. By taking another line of section, I < 
traced the Biddenham gravel to a height of 60 feet above the river, and found ^ ^ 

it separated from the gravel at Bedford by a bare tract of oolitic strata. The section given above (fig. 3) 
embodies th^e last observations. Mr. Wtatt and Mr. Evans have lately found two flint implemente of the 
ovoid or Mencheconrt type in the low-level gravel of Summerhouse Hill. — Peb. 1864. 

t Quart. Joum. Geol. Soc. vol. ix. p. 271' (1853). 


!. Becent alluviuin. e. Low-level valley -gravel. d. High-level valley-gravel. 1. Bowlder Clay. 2, Oxford Clay. 3. Oolitic series. 
Traces of Loe8.«i, in the form of a thin bed of brown sandy clay with angular fragments of flint, overlie both the gmvels. (CombrashJ. 
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Stttdhill, and in it Mr. Evans found part of an Elephant’s tooth. I am inclined to 
believe that the features observable at Swaleciiffe are partly dependent upon the small 
lateml valley which runs a few miles up the country^ and are only indirectly connected 
with the more general phenomena of the main valley of the Thames (fig. 4).^ 

Pig. 4 , — Section along the coast east of WhitstabU — 1| mile in length. 

COAST GUARD STUD HILL 

SWALE CLIfFE STATION CLIFF H 

5A F^ 56 



h. Loess with shells and bones. c. Low-level gravel. d. High-level gravel. 

With regard to the valley of the Thames* the structure is far more complicated, 
from the circumstance of there being in this district, in addition to the high- and 
low-level valley-gravels, a wide-spread set of higher or hill-gravels, of marine origin, 
presenting a vert* close similarity to some of the valley-gravels, and covering large tracts 
of country. As this district will form the subject of a separate communication from me 
elsewhere, I here merely allude to it for the purpose of remarking that, after elimi- 
nating the foreign element, there remains a set of valley- and terrace-gravels which, 
though not so marked or well characterized as in the Seine valley, are nevertheless of 
nearly similar order and age. The same remarks apply to most of the valleys of the 
South of England, including the valley of the Severn. In the latter there are fossili- 
ferous terrace-gravels skirting the Severn and the tributary Avonf, with valley deposits 
corresponding to those at Grays and Menchecourt, whilst, as in the Thames district, 
there is a set of higher-level hill-gravels more wide-spread, and probably of marine 
formation. 

These cases all point to some common origin, and concur in showing that the flint 
implements hitherto met with have been found in beds holding like positions. The 
only exceptions are the discovery by Mr. Evans of a flint implement of the Amiens 
type upon the chalk hdls of Hertfordshire, 200 feet above the valley, and of one of the 
Abbeville type on the chalk hills three miles from Hartford in Kent, by Mr. Whitaker. 
Both these are considerably above the valley and the valley-gravels, and the conditions 
are such as do not admit of exact correlation with any of the other cases. 

The confusion just alluded to arising from the occurrence, on levels often not far apart, 
of gravels and drifts of diflerent ages and different origin, is common through a great part 
of England, while also questions connected with the direction of the transporting currents 
are obscured in consequence of the materials of the high- and low-level gravels haring 
been formed in large part out of higher-level hill- and marine gravels. Owing to the 

* The flint implement found so many years since in the Gray’s Inn Eoad still remains, with respect to the 
London district, a unique and remarkable case. Several specimens, however, have been found by ilr. Hughes 
near Sittingboume and Earersham, lower down the Thames valley and its tributaries. — Eeb. 1864. 

t There are also in the valley of the Severn low-level gravels of marine origin. See SiniCKLAyn's paper in 
Geol. Trans. 2nd ser. vol. \i. p. 552-.5, and various papers by the Itev. W. S. StMOJirns. 
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absence of the marine pliocene and post-pliocene beds in the North of France, we 
there obtain clearer evidence relating to the valley-gravels, as they are £ree from rock- 
fragments and bonlders foreign to their own origin and area. From ^uses to which 
we shall presently allude, the whole class of these phenomena is also more mark^ 
and on a larger scale in France than in England, and has attracted more attention 
and been more fully investigated. It is sometimes not easy to determine the high- 
level gravels in our valleys, whereas in France they are generally on a scale of height 
and extent which prevents any doubtful interpretation of their relative position. 

Valley of the Sotnme . — Buteux * gives a number of localities at which the beds 
he terms Diluvium occur in the valley of the Somme, between Amiens and St. Quentin, 
but without going into structural details and levels. On my first visit to St. Acheul and 
St. Koch I suggested the possibility of the beds at the former place f being a stage 
older than the latter. The distance between them being 1^ mile, it seemed quite possible 
that the difference of level might have arisen from other causes than a ftirther excava- 
tion of the valley subsequent to the deposition of the St. Acheul beds, and anterior to 
that of the St. Koch beds, but the difilculty of proof was considerable ; the existence of 
faults, the slope of the ground, or an unequal extent of elevation might have been the 
cause of the difference. The point being one of importance in its bearing on the ques- 
tion of the age and antiquity of the St. Acheul beds J, I reserved my opinion in the hope 
of finding better evidence elsewhere in this valley. 

At a distance of from one to two miles N.W. from Amiens, and parallel with the river, 
is a series of large pits extending past Montiers along the road to Abbeville. The gravel 
is on the same level and of the same character as that of St. Koch. Few mammalian 
remains, and no shells or flint implements, had been found there up to the period of my 
first visit in 1869. As at St. Koch, the gravel abuts against a low chalk hKl, and no 
fossiliferous gravel had been met with on the hill above. The railway runs just at the 
back of the pits, and at a height of some 30 feet above them. In the spring of 1860 I 
found a pit just opened immediately above the slope of chalk through which the line 
passed, and in such a position that the gravel could be wheeled on a level from this 
new pit into the railway trucks in the cutting. In position and level this last deposit is 
related to the beds of St. Acheul as the beds in the old pits are to that of St. Koch ; 
but here the two beds were in close and determinable proximity. The section from 
one to the other is fortunately perfectly clear, and I could detect no fault in the 
separating chalk ledge cut through by the railway. 

* Esquisse Gwlogique du departement de la Somme, Paris, 1849, and two supplements ; mid 1862 ; a 
paper by tiie same author in Mem. de la Scmj. d’Emul. d’ Abbeville for 1857, p. 561. 

t Phil. Trans. 1860, p. 303. 

X I have since been enabled to trace, by means of some trial pits near tibe Amiens railway station, the low- 
level gravel with remains of Ehinoc&ros twhorhinus dose up to the base of the hill on the top of which the 
St. Achenl gravels extend, forming a section therefore very an^gous to that at Montiers, and astoblishing 
directly the relation of the St. Acheul beds to the lower-level gravels, which continue unmterruptedly frmn the 
railway station to St. Kodi, — ^Feb. 1864. 
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Fig. 5 . — Section on the side of the valley of ike Smme at Montiers. 



lEVEX or TH2 sea 


EEVEI. or TH2 sea 

6. Brick-earth (Lorn) 3 to 12 feet 

e. Iiregularly stratified sands and gravels (low-level valley-gravel). Remains of Horse, Ox, 

Elephant, &c. Flint implements of the flake type not rare ; one discovered at ...... 20 to 25 feet. 


d. Rude mass of coarse gravel (high-level valley-gravel). A few fossil bones ; numerous shells 10 to 12 feet. 
1. Chalk. (The height at the railway cutting is only approximate.) 

The gravel at the new ballast-pit is much mixed with chalk debris, and is less regular 
in its structure than the gravel at St. Acheul. It contains similar boulders of sand- 
stone, and the identity of the two deposits was further confirmed by the discovery in 
the upper and more sandy part of the gravel bed of an abundance of land and fresh- 
water shells, more numerous as to individuals than at St. Acheul, but of fewer species. 

Shells from the new ballast-pit south of the railway at Montiers. 

Helicc concinm. Pupa marffinata. Ancylus jluviatilk. Pisidium fowtinaJe, 

pukhella. Suceinea elegans. Limncea palustris, PlanorUs ^irorhis. 

hispida. putris. truncatula. Valvata pimnalis. 

I also found a few fragments of bone, but not determinable. Of flint implements I 
could discover none, nor have any been yet found by the men. In the lower pits on the 
other side of the line the gravel is spread out in great horizontal beds, or rather lenti- 
cular masses, and is mterstratified with some very sandy beds ; the beds vary more in 
colour, and no shells have been found. Their thickness amounts to about 25 feet, 
whereas the higher gravel (d) is only about 12 to 15 feet thick. In all respects the lower 
gravel (c) resembles that of St. Eoch. On the occasion of a former \isit I had 
shown the men a flint implement from St. Acheul, and requested them to look for and 
keep any specimens. On my second visit, accompanied by Sir Charles Lyell, to whom 
I had mentioned the interest of the section, the men showed us a flint implement which 
they had just discovered at a depth of 17 feet from the surface, and at a point marked 
^ in the section*. This specimen is quite white, has dendritic markings, and is of the 
simple broad flake type common in the low-level gravel at Mautortf . On my last visit 
I obtained five more specimens, all of the narrow flake type known as flint knives, except 

* Whilst in the pit we employed a man to work at a heap of the weathered gravel. A small flint knife 
was the result of an hour’s search. t See fig. 2, Plate XII, PhR. Trans. 1860. 

2n2 
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one, which more resembles the St. Acheul spear-head type. 
The deep discoloration and curious dendritic markings on these 
flints, their form (not upon the neighbouring St. Acheul type, 
but upon one before unknown to the men), and their small 
number preclude the idea of any collusion or deception, and 
substantiates tlie statement of Dr. Eigollot, that such imple- 
ments have been found in the like gravel at St. Eoch ♦. On 
the lull rather higher than the new baUast-pit is another pit, 
where the gravel is shallower, contains no organic remains, and 
is probably of rather older date. 

The more general examination I have made of the Somme 
valley, from about six miles above Amiens, to the sea at St. 
Valery, a distance of forty-seven miles, has been sufficient to 
show the persistence of the same structural features. (PI. V. 
fig. 2.) In descending the valley below Amiens, after passing 
the gravel-pits of Montiers and Breilly, the chalk hiUs rise 
abruptly from the valley, covered only with more or less loam 
or brick-earth, except near Picquigny, where a few gravel pipes 
in the escarpment attest the former presence of a high-level 
gravel apparently 60 or 80 feet above the valley. On the hill 
which projects into the valley between Le Gard and Crouy is 
a capping of flint gravel. 

At Conde the valley-gravel again occurs, but thence by Fon- 
taine and liercourt the hills present a bare surface of chalk, or 
else a capping and skirting of brick-earth only. At Mareuil, 
three miles south from Abbeville, and still on the left bank of 
the river, we find the gravel, capping, to a thickness of 6 to 8 
feet, the hills which rise behind the vill^e to a height of 110 
to 130 feet. I could not discover any organic remains or flint 
implements f. From this spot to Mautort the chalk hills rise 
abruptly from the valley, either bare or more or less covered 
by brick-earth, but still showing here and there traces of gravel 
pipes, indicating the former existence of gravel beds at about the 
level of 80 to 100 feet above the river. Here also, as at other 
spots where the hills advance upon the valley, the depth of the 
latter seems to be greater, so that all the valley-gravel and Loess 
is covered up and hidden by the recent alluvial deposits which 
come close to the foot of the chalk escarpment. (PL V. fig. 1.) 



* I have since had the opportunity of confirming the statement of Dr. Eigoilot, the men having found four 
rude hut undoubted flint-flakes at this spot (April 1863). 
t M. Bottchee ni Peethes has two specimens in his colleetion labelled as fiom this locality. 


Fig. ftci’oss tht Vtdifff of the Sotuitte nutr Ahhevlfle. 
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Four miles lower down, and immediately opposite Menchecourt, are the pits of 
Mautort, described in my former paper. A bed of gravel there occurs on the slope of 
the hill at a height of 80 feet* above the river, and lower down another bed forms a 
bank on which the village stands. At a pit belonging to M. Ducastel, these lower 
gravels are very sandy and distinctly bedded, and there is good evidence for believing 
that marine shells {Cardium edule and IMtorina littorea) occur at their base. I found 
no flint implements, but Sir Chaeles Ltell obtained, in the gravel-pit at the further 
end of the village, two indisputable specimens of the low-level ovoid form. There is a 
patch of high-level gravel near SaigneviUe, whilst at the mouth of the Somme a con- 
siderable width of ochreous flint gravel caps the hills near St. Valery, at a height of 
about 100 feet above the sea. I could discover no organic remains in any of the pitsf . 

The right bank of the Somme, between Amiens and Abbeville, shows a much greater 
amount of denudation. The hills are steeper and present generally bare surfaces of 
chalk, with more or less brick-earth on their summits and flanks. 


Fig. 7 . — Section across the valley of the Somme near Amiens. 



Near Amiens I found nothing to correspond with the opposite St. Acheul high-level 
valley-gravel, except some scattered sandstone boulders at Longpre. From this point 
to Pont KemyJ, the ground requires further examination. Thence to Abberille the 
hills, at a height of from 100 to 150 feet, are capped occasionally by flint gravel, in 
which no remains of any sort are met with until we reach the gravel-pits of St. Gilles 
and Moulin Quignon, described in my former paper. 

In all the foregoing cases the sandy and ochreous subangular flint gravel nowhere 
occurs on hills higher than about 150 feet above the level of the Somme, and flint imple- 
ments have not been found in beds more than 100 feet above that level ; these gravel beds 
range parallel to the Somme, and in no case, except at the embouchure of the river, 
extend more than half a mile from the side of the valley. 

* There was a discrepancy between my estimated height of the upper pits on the road to Moyenville, near 
Mautort, and the measnrement obtained for me by M. BoircnER de Peethes, for which I could not account in 
1860. A well has been sinee sunk adjoining the old pit (now filled up), and the water-level in the challi 
reached at a depth of 81 feet. Allowing 5 feet for the fall to the river, the height of the ground at that spot 
would he 86 feet, 

t A raised beach containing Cardium edule has been stated to occur at the top of the hill near the old 
eastle ; but after a careful search I could not find a trace of any such bed. Sir Charles Ltell came independently 
to the same conclusion. On a more recent visit there with Mr. Evans and Mr. Lubbock, we merely found 
numbers of weathered valves of recent Cardium edude &c., and fragments of pottery in a black soil — a sort of 
Kjokkenmodding, 

t M.be Perthes has a tootili of the Elephas primigemus from this place, but the exact position is not recorded. 
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The same features are repeated on a smaller Ksale in some of the lateral Tdleys. 
Near Audens, for example, in the tributary valley of the Arve at Boves, four miles from 
its junction with the Somme, are large beds of gravel like those of St. Eoch, abutting 
against the side of the chalk hills on the right bank of the stream. Eemains of the 
El^has pimigmius, Mkinoceros ticlmhinm, Home, and Beer have been found there, 
together, it is reported, with a few flint implements. 

At Abbeville the Escardon joins the Somme. At Oneux, eight miles up the valley of 
this tributary, a bed of flbit gravel was formerly worked, in which, it is smd, mammalism 
remains and flint implements were met with ; whilst at Brucat, on another branch of 
this stream, a singular isolated patch of gravel has been found high up on the hills, at 
an elevation of about 100 feet above the valley, and 150 feet above the Somme at Ab- 
beville. The sand and gravel are of great thickness, owing to their being in a depres- 
sion of the chalk, from which they further descend in huge cylindrical holes or pipes to 
a depth of more than 100 feet. On the top of the light-coloured sands and gravels are 
other beds of reddish gravel and thin brick-earth. In M. Bouchee de Peethes’s collec- 
tion there are two flint implements which are said to have come from these upper beds. 

The Valley of the Seine . — ^Another important discovery of flint implements was made 
early in 1860, in the valley of the Seine at Paris, by M. Gosse* * * § The specimens are 
ruder and less abundant than those of the Somme valley. They were found in the 
pits of the AUee de la Motte Piquet f, near the Ecole Militaire, at a depth of 16 feet 
in a gravel composed chiefly of subangular tertiary and cretaceous debris about 20 feet 
thick, roughly bedded, and containing remains of extinct mammalia. No shells are 
recorded. Large blocks of Meulihre., little worn, are dispersed through the gravel. At 
this spot, the height of which above the Seine is 36 feet, the relation of the beds to any 
of the “ higher-level ” quaternary deposits of the neighbourhood of Paris is not seen, 
but at the Gare dTvry, on the other side of Paris, and at a similar level with regard to 
the river, the same bed of gravel, only more sandy and containing more large granite 
boulders, is again largely worked. It here abuts against the calcaire grossier, which 
forms, immediately behind, the heights of Gentilly, where these tertiary strata come 
to the surface and are extensively quarried. Following the plain in a direction at 
right aisles to the river, some coarse gravels of moderate thickness set in, and are 
worked near the Barriere de Vitry, at a height of about 130 feet above the Seme- 
Further on a cutting, on the side of the road leading from the Barriere dTtalie to 
Gentilly, exposes a section described in 1840 by M. Buval J and singularly like that 
at St. Acheul§. The lower bed is a white sandy gravel of subangular chalk flints 


* Comptes Rendas, 1860, voL 1. p, 812. 

t M. Bofcheb de Perthes had in 1847 expressed an opinion that flint implements would be fotmd m the^ 
pits : ‘Antiquity Celtiqnes et Antediluviennes,’ vol. ii, pp. 123, 494, and 501. 

+ Bull, de la Soc. Geol. vol. xi. p. 302, and voL xiii. p. 297. 

§ It is, however, not improbable that the deposits both of Gentilly and Charonne may be older than fliat of 
8t. Aeheul, although belonging to the series of the high-level valley-gravels. 
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mixed with much*woni tertiary debris with a few older rock pebbles, and above which 
is a sandy marl In the^ beds a considerable number of 
land and freshwater shells and mammalian remains were 
found. The whole is capped by a variable thickness 
of Loess. The slopes of the adjoining higher ground of 
Bicetre are bare, with the exception of occasional patches 
of Loess. I* 

No freshwater shells have hitherto been recorded from ^ 
the low-level valley-gravels of the Seine; but in April 1862 1 5 
found at Sotteville* near Rouen, intercalated in the middle ^ 
of thick beds of gravel, about 10 to 20 feet above the E. 
river-level, a seam of marly sand, in which I obtained a s 
few specimens of the Limnwa peregra and opercula of the llliiiii i i J 
Bythinia tmtamlata ; and at Paris I discovered in the hard ^ 
concreted gravel of the Petite Rue de Reuilly, and about ^ 

30 to 40 feet above the Seine, § 

QD 
DO 

Limnoea peregra, L. truncatula, Vahjota piadnalis, Zmlvhrica; 


whilst at Gichy I found, low down in the gravel contain- 
ing, I am informed by M. Lartet, the Elepkas primigenius 
and E. antiqum^ three specimens of the Idmnma peregra. 
All these specimens are entire and uninjured. In this 
latter locality M. Lartet had also recently found a very 
perfect ovoid flint implement of the Abbeville type. 

In the high-level gravel of Gentilly have been found f — 


3- ^ 


'5. 


Piddium amnicum, 
Vaivata pisdmlis. 


BuUmus, 

Lininaa. 


Hydrohia. 

Helix. 


eij 0) 


On the north side of the Seine, thick gravel-beds extend | ' 
from the river to the base of the hiUs, and some distance ® gi. 
up their slopes, as shown at the canal de I’Ourcq and in |. W 
the pit in the Petite Rue de Reuilly. As the tertiary ^ f 
strata again come to the surface a short distance further | < 
on, it is probable that this bed of gravel, like that on the ^ ^ 
south of the Seine, abuts or slopes rapidly up against their ^ 
escarped edges. At Charonne, about a mile beyond the g 
last-named pit, and near the Barriere du Trone, there are I* 
several pits of sand and gravel, containing numerous land 

* M. I’Abbe Cochex states that there are in the Museum at Rouen two flint 
type said to have been found in ihme pits, op. dt. p. 8. 
t dt, p. 297. M. Dctal does not give the specific nam® in his list. 


'ITRC SCIME 


i.m 




li! , 


of the St AchenI 
8 mv now to be found. 


— Section acrosn the Valley of the Sdne Ea.sf of P 
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and freshwater shells together with the remains of mammalia’. This deposit is iden« 
tical with that at Gentilly*. The section of this part of the valley of the Seine may 
therefore be represented as in fig. 8f. 

M. Charles d'Oebigny has traced the high-level gravel of Charonne, with few inter- 
ruptions, as far as Joimille five miles east of Paris. It there caps a hill riang abruptly 
80 to 100 feet above the river, and contains a large and interesting series of land and 
freshwater shells J, associated with the remains of the Elephas primigenius and JRhimceros 
tichorhmm. No flint implements are recorded from these gravels. 

The same features hold good throughout the course of the Seine and its tributaries. 
Bronghiaet, in his description of the Paris basin, observes that the drift (Terrain de 
transport) occupies two positions — one in the valleys, and another on plains considerably 
raised above the actual rivers. He seems to suggest for them different origins §. 

Higher up the course of the Seine this structure has been more specially noticed. 
M. Leymeeie, in describing the country traversed by the upper part of this river and its 
tributaries, remarks that at the commencement of the valleys there is but little drift 
(Diluvium), but that some way down them “ the beds of drift (Ten^ain dilu-vien) exhibit 
a great extension, both horizontally (maximum four leagues), and also in a vertical 
direction (maximum sixty metres) above the ordinary level of the valley-waters ”||. In 
the neighbourhood of Troyes they form a plain eight miles in length and of five miles 
average breadth, and attain in places a height of from 120 to 180 feet or even more 
above the river, with a thickness of 10 to 12 feet, and contain teeth of Elephant, Deer, 
Horse, &c. At Nogent there is another expanse of gravel 10 feet thick, and 200 feet 
above the river. In the tributary valley of the Aube, M. Leymeeie describes at Brienne 
a similar expanse of gravel five leagues long by three broad, and 130 feet above the 
river 

Of the lower part of the valley of the Seine w^e possess but few details**. The plain 
through which the river '^finds is covered irregularly with a coarse sandy gravel, abound- 
ing especially in large blocks of Meuliere, Calcaire grossier, and of other tertiary rocks ; 

^ M. Chaeles d'Orbigny in Bull, de la Soc. Geol. 2* ser. vol. xii, p. 1295 (1855). The pit he described is 
now fiUed up, but several others are open beyond the outer Boulevards. My sections are taken from these. 

+ One of the best plans of valley-gravels, well and carefully worked out, that I have seen, is the one 
executed by M. Tkigee for the Department of the Sarthe. The river Sarthe, which flows through pal 8 eo 2 oie 
rocks, has a gravel abounding with blocks of granite &c., whilst the Huisne, which joins the former river at Le 
Mans, contains nothing but tertiary debris. The extent of th^e old alluvia are well shown on this fine 
map. 

X For a list of these and a description of the section, see BuU. de la Soc. Geol. 2® ser. vol, xvii, p. 66 (1859). 
(I have recently had reason to believe that these fossils may be from old pits on a lower level than those now 
worked. Owing to this uncertainty' I omit the list of fossils I had at first given. — March 1864.) 

§ Description Geol. des Environs de Paris, edit. 1835, pp. 118 & 569. 

Ij Statistique Geol. et Miner, du dep. de PAube, p. 99 (1846). M. Clement Mullet had also remarked that 
at Fresnoy a gravel from 22 to 26 feet thick oeeurred at a height of 100 to 130 feet above the river; and a like 
arrangement exists at Pougy in the valley of the Aube. BuH. de la Soc. Geol. de France, vol. xii. p. 116. 

f Ibid. pp. 88, 90 to 92, 94. ** See De Sehaemoxt’s ‘ Descrip. Geol. du dept, de Seine et Oise.’ 
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and I found gravel rising to a height of about 100 feet at Mantes, of 140 feet at Pont 
de I’Arcbe, and of above 100 feet near Rouen. 

In the valley of the Yonne the gravel attains a height of 60 feet at Pontaubert* ; but 
exact particulars are wanting of the terrace-gravels in this valley. Of the valley of the 
Marne, M, MiCHELiNf observes that “ on the heights around St.-Menehould there is 
a gravel containing the remains of the Elephant, Horse, and some other mammalia’’ 
M. CoENUEL states that the same valley higher up and that of the Blaise are covered 
with an oolitic gravel containing some remains of the Elephant, and names two small 
hills (buttes) near St. Dizier, and two near Vassy, w^hich are capped by a similar gravel 
Valley of the Oise . — In this large tributary valley of the Seine, M. de Veekeuil § has 
reported the discovery, at Precy near Creil, of a flint implement in beds of gravel contain- 
ing the remains of the Elephant, Deer, &c. In this instance the specimen was not 
found w situ, but was picked up amongst the gravel thrown on the adjacent Une of 
railway. In April 1861 Sir Chaeles Ltell and I 'visited the ballast-pit whence the 
gravel was extracted. It is situated half a mile north from the Precy station, is about 
25 feet above the river, and presents a fine section of hght-coloured subangular gravel, 
roughly stratified, 12 to 15 feet thick, and overlain by 5 to 10 feet of Loess. Some 
beds of the gravel are very coarse, and amongst the flint and tertiar}^ debris are frag- 
ments from the oolitic strata and older rocks. The valley at this spot is about half a 
mile 'wide, and the hills on either side rise to a height of from 150 to 250 feet above 
the valley. In going over this ground some years since -with the deeply lamented 
Edwaed Foebes, we found the rocks almost eveiTwhere bare of drift, but I have a 
recollection of having met -with traces of gravel with old-rock pebbles on a hill about 
80 feet high on the right bank of the river between Anvers and Beaumont. M. Geaves, 
in speaking of the drift (Diluvium des vallees) of the Oise, observes that “ it ascends the 
slope of the hills to some height ” .... “ some incontestable traces of it are sometimes 
found on surfaces of high platforms” ||, but he gives no exact position or levels. 

M. d’Aeciijac, in describing the valley of the Aisne, the upper portions of the valley 
of the Oise, and their tributaries, states that the gravel (depot de cailloux roules, 
avec des blocs erratiques et des ossements nombreux des grands mammiferes) “occu- 
pies the floor of the principal valleys, rises sometimes up their sides to a certain height, 
but very rai’ely extends over the adjacent high-ground plateau Further on he 
mentions that between Menneville and Neufchatel (valley of the Aisne) the gravel rises 
65 feet above the river, and is about 16 feet thick, that between Voyenne and Marie 
(valley of the SeiTc) it is more than 130 feet** above the river — whilst at Guise (valley 
of the Oise) it rises 184 feet above the river, is 16 feet thick, and extends 1^ mile 

* Bull, de la Soe. Geol. 2® ser. vol. ii. p. 683 (184o). t Ibid, vol vii. p. 83 (1836). 

t Mem. de la Soc. Geol. de France, vol. iv. p. 270 (1841). 

§ Bull, de la Soc. Geol. do France, 2* ser. vol. xvii. p. 555. 
ii Topograplue Geognostiqne du dept, de POise, pp. 529, 530 (1847). 

«[[ Mem. de la Soc. Gdol. de France, vol. v. p. 188 (1842). ** English feet are always given. 
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from the river*. Eespecting the upper part of these valleys, MM. Sauvage and Bdvig- 
NiEE remark that beds of sand and gravel cover the hills which border the valleys, at 
levels far above the present riversf ; and M. BuviGifiER has described beds of gmvel 4 to 
6 feet thick, with remains of Elephants and other animals, at heights of from 100 to 130 
feet above the Aire, and 160 to 200 feet above the Chee, the Omain, and the Saulx 
It is therefore certain that at points more or less distant along the course of all the 
rivers in the South of England and the North of France detached and isolated beds of 
sand and gravel occur on terraces, or on the top or shoulders of the low hills or plat- 
forms bordering the valleys, at various and often considerable heights above the present 
river-levels. Another and more continuous stream of gravel stretches along the bottom 
of the valleys. Beds of Loess cover both gravels irrespectively, and extend beyond them. 
It is in these deposits only (caves excepted) that the flint implements have hitherto been 
found. 

§ 3. HIGH- AND LOW-LEVEL VALLEY-GRAVELS. 

From the constancy of the phenomena described, we may arrive at a general pro- 
position which can be expressed by the following diagram (fig. 9) and terms : — 

Fig. 9. . 



M, General section of tlie ground. e, Non-fossilifcrous drift on the slopes and base of 

D. Major valley of denudation anterior to the the major valley I). 

excavation of the valley C. d. High-level valley deposits I 

C. Minor valley of river-excavation. Low-level valley deposits j without fossils. 

A. Present river-channel. a. Recent alluviuni. 

This diagram represents the conditions of the case on the supposition that all the parts 
are complete. But this rarely happens. The gravel along the base of the major valley (D) 
is spread out or contracted according to the width, depth, and shape of its channel. If 
the secondary valley C should extend on either side beyond the limit of the beds e oi d 
deposited along that first depression, the section would be represented by diagram fig. 10, 
where, as at Amiens, the hills on one side are completely denuded, whilst on the other 
side a portion of d remains. Or it might happen, as is the case in many parts of the 
valley between Amiens and Abbeville, also in the valley of the Oise near Creil, again in 
the valley of the Seine near Paris, and commonly elsewhere, that the width of C exceeds 
that of the first-formed channel characterized by the drift e and d, in which case the 
river-valley would pass through bare hills denuded of all traces of e and d, as in the 

* Mem. de la Soc. GwI de France, vol. v. pp. 199, 193 (1842). 

t Statistique Miner, et Geol. du dept, des Ardennes, p. 58 (1842). 

+ Geoiogie du dept, de la Meuse, pp. 95, 96 (1852). 

§ I restrict mj remarks to this area ; but the fact has a much wider application. 
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diagram fig. 11. Or the various gravels may also have been wanting originally, as there 
must have been parts of the old river-bed always left bare. 


Fig. 11. 



It is therefore not essential to the case that the high-level valley-gravels d should be 
peiTuanent or continuous in the direction of their length. We have seen that they are 
generally found at heights above the river of from 60 to 150 feet, though occasionally 
more or less. The low-level gravels, on the contrary, often have even their upper ter- 
races so little above the level of present inundations that they might be attributed to 
such recent causes. The coincidence, however, arises from merely local conditions, and 
we can hardly apply to them a different rule, the more especially as, although the level 
of the terraces may be at places so low as to merge in the gravel at the bottom of the 
valley, still they even then form a breadth and mass of deposit which indicate a very 
different power to that now in operation in the existing rivers. 

That the formation of the higher tenuces can be owing to the action of the present 
rivers is clearly impossible under existing conditions ; for they are far above the level 
reached by the rivers at the highest floods. 

Taking the mean depth of the Waveney near Hoxne at 3 feet and its width at 33 feet, 
whilst the depth of the valley between the two gravel terraces is about 40 feet and the 
width 2000 feet, the sectional area of the former will be 100 square feet nearly, whereas 
the latter will be represented by about 80,000 feet — in round numbers as 1 : 800. The 
Ouse at Bedford has an average depth of 6 feet and a width of 200 feet, or a sectional 
area of 1000 feet. The valley at the same point gives us about 12,000 feet — or as 
1 : 600. The rise of these rivers above their ordinary^ level never exceeds a few feet. 
Very little is known of the discharge of either river during floods*. 

If we take the Somme at Amiens at 4 x 200, the sectional area is 800 feet, whereas 
the valley at the level of the St. Acheul gravel gives 80 X 5000, equal to a sectional area 
of 400,000, or as 1 : 500. The floods of the Somme rarely exceed 5 feet above its mean 
level. Taking the Seine at Paris at a mean width of 600 feet and a depth of 4 feet, the 
sectional area is 2400 feet. The valley between the heights of GentiUy and of Charonne 


* The numbers in this and the next paragraph are only approximately correct ; exact data are wanting. 
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has a depth of 120 feet; and taking as a mean a width of 8000 feet, we have a sectional 
area of 960,000 feet, or as 1 : 400. The greatest flood of the Seine on record is that of 
the year 1658, when it rose to a height of 29 feet. Even in this case a flood of nearly 
60 times that m^itude would be required merely to fill the valley to the level of the 
high-level gravels, without taking into consideration the more rapid discharge. But 
neither in this nor in the other cases of modem times, are we aware of an increase 
in the volume of water, during floods in these regions, to many times the ordinary 
mean average, whereas we see that in a case such as is presented at Amiens a flood 
having a volume five hundred times that mean would be required to reach the beds of 
8t. Acheul. 

This I conceive is sufiicient to prove that the high-level valley gravels cannot be 
ascribed to floods of the present rivers, as has been, even of late, suggested. The only 
means adequate to fill, under existing conditions, the river-valleys of the Waveney, the 
Ouse, the Somme, and still more of the Seine, wnuld be the ingress of the .sea ; but such a 
supposition is at once refuted by the fact of the prevalence of land and freshwater 
shells in both the high- and low-level gravels, and the absence of marine remains unless 
immediately adjacent to the present coast. If therefore neither the supposition of river- 
floods, nor of a diflerent relative level of land and sea allowing the latter to penetrate 
up the valleys, be admissible, how far are the facts in accordance with the hypothesis 
of these deposits being the alluvia of old rivers, and the valleys their excavated channels ? 

Let us in the first instance trace the direction whence the materials have come. 

The valley of the Waveney traverses a district formed of Boulder Clay, with under- 
lying sands and shingle, reposing on Chalk, wLich latter comes to the surface in 
the upper part of the river’s course, and is just visible at Scole. There is little in 
the valley-gravels to indicate a distant origin, as most of the debris composing them 
might generally have been derived from the surrounding hills. The only material in 
excess is the mass of subangular flint-fragments, derived probably in part from the 
more distant chalk area. Although not quite conclusive, still the evidence aflbrds fair 
presumptive proof of the transport of the gravel from the watershed of the Waveney to 
the sea along the breadth of surface indicated by the valley-gravels (see Map, Plate IV.). 

A nearly similar uniformity exists in the case of the valley of the Ouse, which traverses 
a district of Boulder Clay overlying various members of the oolitic series. It is not, 
however, easy to determine in what proportion and to what distances the diflerent 
materials composing the gravel of the valley of the Ouse have been transported from 
their parent rocks. They exhibit, as in the case of the Waveney, a local origin in con- 
nexion with the existing valley. All the materials found in the gravels can be referred 
to rocks or to older drift deposits traversed by these valleys and their tributaries, and 
in no instance do we find the introduction directly of any foreign element. Thus, 
besides the flint debris derived from the chalk in the valley of the Waveney, and the 
oolitic limestone and sandstone debris derived from the Oolitic series in the valley of 
the Ouse, all the superadded pebbles and boulders of the older rocks, as well as a 
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certain proportion of the chalk-flints found in the gravels of both valleys, can be traced 
to the adjacent Boulder Clay, 

I have noticed the same facts in almost all the river-valleys of the South-east of 
England where the valley passes through belts of different formations, as, for example, 
the occurrence of Weaiden and Greensand debris on the chalk hills in the valley of the 
Medway, between Maidstone and Rochester ; and in the same manner the occurrence of 
Purbeck and Greensand debris on terraces in the valley of the Wiley between Wilton 
and Salisbury. Traces of Greensand and Oolitic debris are to be detected in the valley 
of the Thames, also mixed with debris of the Boulder Clay. 

With reference to the French area, the phenomena have been well studied by many 
French geologists*, to whose works, before cited, I beg leave to refer for fuller parti- 
culars than I can here introduce. I wall say a few words, however, of the valleys of the 
Somme, the Oise, and the Seine, — more especially of such parts as I have myself visited. 

The Somme flows through a chalk district wath a few tertiary outliers, while the 
tributary valley of the Arve penetrates to the main body of the tertiaries. At St. iVcheul 
the quantity of sandstone blocks and pebbles, and of flint pebbles, derived from tertiary 
strata, is very considerable, and the pix'sence of specimens of Xummularia laevigata and 
of the Venmcardia planicosta shows the upland direction of their origin, as no beds 
containing these fossils exist below Amiens. In the several patches of high-level 
gravels (chiefly of subangular chalk-flints) betw’cen Amiens and Abbeville, tertiary debris 
continue to be found, and at Moulin Quignon sandstone-fragments of a large size are 
still numerous, although they are fewer and smaller than at St. Acheulf. 

The occurrence of rolled fragments and boulders of granite and other old rocks in the 
vaUey of the Seine at Paris, is a fact which has long been w^ell knowoi. The presence 
of similar materials of distant origin has also been proved to hold good in the higher- 
level gravels of Gentilly and Charonne. M. Duval described the section at the first- 
named place (w'hich applies to the other), as consisting of sands passing downwards into 
a gravel composed of pebbles and fragments of cretaceous and tertiary rocks, together with 
others of porphyry, and “ a prodigious quantity of grains and pebbles of red granite "J, 
some of which weighed from eleven to thirty-four pounds. Land and freshw^ater shells 
and small reptilian bones were common, with some bones of the large mammalia. 

The valley-gravels at Frenoy, Nogent-sur-Seiiie, and Troyes consist chiefly of oolitic 

* The case is very clearly put by M. d’Akchiac in his admirable work the ‘ Histoue du Progres do la Geo- 
logie/ vol. ii. p. 139, where he observes, On rcconnaitra que Ics niateriaux des depots meiibles sont distribues 
on repartis exclnsivement soit sur les fiancs de certaines gibbosites principales et dans les vallees qui y pren- 
nent naissance, soit dans de larges depressions on bassins hydrographiqnes qui ne sont limites a leur ponitour 
par aucun relief bien prononce. Dans Pun ni dans Pautre cas il n'y a melange des materiaux transportes/’ . . . 

, . . “Cette distribution nons demontrera qne Porograpliie ge'nerale etait an commencement de luperiude diluvicniie 
a tres pen pres ce qu’elle est aiijourd’hni, et nous reconnaitrons que les lignes de partage entre certains biissiiis 
hydrographiques ot dont Pelevation devait ctre bien faible alors ont pu cependant restreindre les effets du phe- 
nomene erratique anx memes limites que les eaux qui sc rendent actuellement dans chacund’eux.'^ He excepts 
Oreat Britain and the North of Europe from the exhibition of these conditions. 

t See sect. figs. 3, 5, 6 in Phil. Trans, for 1860, pp. 287-290. J cit. p. 304. 
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pebbles*. At none of these places is there any admixture of old-rock pebbles. These 
latter all come into the valley of the Seine through its tributary valley of the Yonne, 
which, with that of the Cure, originate in the Morvan — ^a district consisting of granitic, 
porphyritic, and slate rocks, forming ranges of hills from 800 to 1200 feet high. 

The valley of the Aube, which joins that of the Seine between Nogent and Troyes, 
contains only oolitic and cretaceous debris; so also, judging from the incidental notices 
of M. CoENUEL, the upper parts of the valley of the Marne and its tributaries. These 
valleys traverse Cretaceous and Jurassic formations only (see Map, Plate IV.). 

Speaking of the gravel of the valley of the Oise, M. d’Aechuc remarks that it ‘‘ is 
composed of the debris of tertiary, secondary, and transition rocks, always rolled, and 
that the characters of the deposit vary according to the region from which its con- 
stituent elements have been brought, and consequently according to the valleys where 
these are found”f. The slate rocks of the Ardennes, from ’which the Oise flows, form a 
range of hills on the frontiers of Belgium, from 1400 to 1600 feet high. 

The next feature we have to notice in the high-level valley-gravels is the presence of 
large boulders, and the irregularity, confusion, and general want of stratification of the 
beds, which are, further, frequently contorted. 

In the valley of the Waveney there are no hard rocks to furnish boulders; the few 
therefore that are found are derived from the Boulder Clay ; but very large masses of 
fimt 'with sharp and intact angles are common. In the valley of the Lark the features 
are precisely analogous. At Flempton we found, mixed up in the flint gravel, large 
blocks of half a ton weight of basalt and hard sandstones derived from the Boulder Clay. 
At Biddenham in the valley of the Ouse the lower part of the gravel is full of small 
blocks of oolitic limestones and sandstones very little worn, and there are none of a 
large size. In the valley of the Thames, boulders of large size are rare ; I have not met 
with ten in the course of as many years. 

In the valley of the Aire, M. Sauvage and Buvigniek remark that the gravel capping 
the hills has an irregular surface and is waved (ondule). In the valleys of the Seine 
and Aube, M. Leymeeie describes the base of the gravel capping the hiUs at Prenoy as 
irregular, and at Troyes as containing blocks and angular pieces of shelly neocomian 
strata, together with a few unworn flints. At Brienne the gravel also wants regularity. 
In the valley of the Oise at Guise, M. d’Archiac states that this gravel contains some 
fragments of quartz “ the size of the fist,” and that it is “ 'without distinct stratifica- 
tion I e the valley of the Seme, M. Charles d’Oebigjty, in speaking of the lower 
bed of the gravel at Joimille, remarks that it forms “ a tiimultuous deposit, at the base 
of which are found large erratic blocks^. One mass of tertiary sandstone (B, fig. 12) 
measured by us was 8^ feet long by 3 feet 4 inches thick, and was on the top of 
the light-coloured lower gravel (diluvium gris), or rather at the base of the red gravel 
(diluvium rouge). 

* Lejmerie, op, cit, p. 92. 

t Mem. de la Soc, Geol. de France, vol. v. p. 188 ; and Gbates, op. cit. pp. 53o, 542. 

X Ibid. p. 193. § Op. cit. p. 68, 
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A pit near the Barriere de Vincennes (fig. 13) 
afforded me an excellent example of contorted 
bedding. 

In the valley of the Somme this class of phe- 
nomena is particularly well marked and decisive. 
I know of no place where they are better shown 
than in the pits at St. Acheul (figs. 14, 15). The 
two following sections taken from my foimer 
paper will illustrate these peculiarities. There 
are two points to be noted, — the one the pre- 


Fig. 12. 



a. Surface soil and reddish loam. 


h. Eed argillaceous gravel (diluvium rouge), 
c. Light-coloured sandy fossiiiferous gravel. 


Fig. 13. 



Sections in the tfcuvel-pits of Si. Achf'uh 
Fig. H. ' Fig, 15. 



a, b. Soil and hrick-earth and subordinate beds of gravel — ■«ith Gallo-lloman graves, a’, 
d. Whitish marly sands with land and freshwater shells, containing here and there a few patches of gravel 
and blocks of sandstone, and showing in places fine lamination. 

c. Subangular gravel, in places level, and in other places disturbed, containing numerous blocks of sandstone, 
and large flints not worn : filnt itnpU?nent$, mammalian remains^ and a few shells. 

sence of large blocks of sandstone, some weighing as much as four to five tons, dispersed 
irregularly through the lower bed of gravel, — and the other the disturbed and con- 
torted condition of the surface of that gravel, and of the bed of sand overlying it. 
These two features are perfectly independent. It is not the presence of the blocks which 
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gives rise to the heaping of the gravel, nor are the depressions in its surface marked by 
the presence of any such interfering masses ; yet the disturbance has been from above, 
and sometimes before the deposition of the brick-earth ; for the upper part of the gravel 
(c) and the overlying sand-bed ((/) are often affected independently, without there being 
any corresponding disturbances in the lower gravel or overlying brick-earth. The irre- 
gularities in the bedding of the gravel do not depend upon the presence of blocks, which 
occur in all levels through it ; and the lamination of the marly sand (o') is continued 
through the curved planes of contortion in a manner and at angles which such a sedi- 
mentary bed could never have assumed in process of deposition by the mere action of 
water. The tertiary blocks come from a distance of twenty to forty miles above Amiens. 

Low-level Valley-Gravels , — It may not be possible to draw an exact line of demarca- 
tion between those gravels which I have designated as the high-level valley-gravels and 
these low-level gravels. They are the extremes of a series, marking a long period of 
time and probably formed under analogous but not identical conditions. The higher- 
level terraces are generally, however, so distinct, so broad, and so clearly separated from 
the low-level gravels, by bare slopes of the underlying rock formations, that, although 
they may differ amongst themselves to the extent of several feet, the space between the 
two groups is usually sufficiently distinct to make it not difficult to refer each bed to its 
right relative position. In places there are passage beds following the more gentle 
slopes, and at other places there are intermediate terraces, though commonly of little 
importance and trifling width. The broad distinction consists in the one being on hills 
of various heights flanking the valley, while the other occupies the immediate river- 
valley, always following its main channel and constantly rising on its sides to the height 
of several feet, and, where the valley is broad, forming low terrace platforms on its sides. 
Unlike the high-level gravels, of which the interrupted and hjcal occurrence, compa- 
rative isolation, and unequal levels render the course and connexion indistinct, these 
low-level gravels, from their general continuity and their slight difference in level, leave 
us in no doubt as to their relation to the existing valleys. 

The main points of difference to note are the greater thickness of the low-level gravels, 
their more uniform bedding, the more common presence of beds of sand and fine gravel 
with oblique lamination, and the absence generally of contoi'ted strata. ’WTien we speak 
of bedding or stratification in these deposits, it is not continuous and persistent seams 
that we refer to, but to the greater or lesser extension of lenticular masses of sands and 
gravel of various thickness, which gives to a small section the appearance of bedding; but 
none of the beds are persistent. Large blocks are often common in these lower gravels. 
They are generally more worn than in the upper gi*avels, and the question arises to what 
extent they may be derived from the former. A great number occur in the lower 
gravels of the valley of the Somme, though they are not so numerous as in the upper 
gravels. In the valley of the Seine, on the contrary, they are extremely numerous in 
the lower gravels at the Gare d'hTy, at Grenelle, and in various pits between Paris and 
Rouen. In the valley of the Thames I know of but very few. On the whole these 
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lower gravels have a more washed, sorted, and worn character than the upper gravels, 
although there is in these also a certain proportion of angular materials. 

As the various Eocene, Miocene, or Pliocene strata spread over the South of England 
and North of France prove that, at some comparatively late geological period, the sea or 
large lakes extended over that area, it follows as an almost necessary consequence, that, 
when the land rose from beneath those seas or those lakes, a mass of debris, in quantity 
and length of transport proportionate to the greater or less rate of elevation and the 
depth of the superincumbent waters, must have been spread over the bottom of the 
channels along which the water flowed ofi* ; and assuming the rise to have been tolerably 
uniform over considerable districts, the course of the currents would be influenced by the 
form the land assumed during its emergence, or in fact by the present watersheds, which 
either result from or else bore part in that operation. In either case the ultimate efiect, 
so far as our position is concerned, would be the same. That this must have been a 
vera causa to a certain extent is manifest, inasmuch as that which was sea or lake is 
now dry land ; and although it will not explain the origin of all the high-level gravels, 
there is a certain proportion of these beds which may nevertheless have this older and 
independent origin* : it is to be distinguished by rising higher up the hills, and not 
being restricted to so definite a level as some of the other beds. I have reason to believe 
that some of the gravels in the South of England and the higher levels of the Somme 
valley may be of this age, — such as those above Epagnette, and the higher levels of 
those above Breilly and Montiers. In proof of the existence of some gravels older than 
those of St. Acheul and yet belonging to the Somme valley, I would mention the not 
uncommon occurrence at that place of subangular flints, with a deep brown staining, 
imbedded in layers of perfectly white gravel. As this discoloration can only arise from 
the flint having been imbedded at some time in an ochreous or ferruginous matrix, I 
infer that such specimens are derived from beds of gravel of that character, and older at 
all events than the St. Acheul gravels. As a proof of their staining being clearly 
xmconnected uith any colouring-matter of the existing matrix and being of older origin, 
I noticed that they have all had a second rolling, and that where their first angles have 
been worn off and the outer brown coat removed, the eroded surfaces often show, first 
an original white crust, and then the black core of the flint, without any change of 
colour on these fresher surfaces due to their present position. 

The theories that have been formed to account for the entire series of these valley- 
gravels by the bursting of lakes, by the sudden melting of the glaciers and snow of 
mountain-regions, or by the transitory passage of any body of water over the land, are 
open to objection, because the debris would have been swept along in fewer and more 
definite directions, or would have held its course more irrespective of the existing water- 
sheds, and would have shown an amount of wear in all cases proportionate to the dis- 
tance travelled. Not only is this not the case, but the condition of the fragile shells 

* Anottier portion of the high-level gravels must have been formed before the country became inhabited, 
and would therefore also he nnfossiliferons. 

2 p 


MDCCCLXIV. 



272 


ME. PEESTWICH ON THE OEOLOGT OP THE DEPOSITS 


shows the Testacea to have generally lived on the spot; and the sharp and entii*e state of the 
gieater part of the fossil bones shows that they have rai'ely been rolled far or subjected 
to much violence*. The deposits we have noticed might be, it is true, lake deposits so 
far as these organic remains are concerned ; but the continuity and the distant transport 
of the gravel, and its uniform relative wear, point to water with a course, in each case, in 
one direction of commensurate length ; while the absence of the remains, of any inde- 
pendent basins, depressions, or barriers in the high-level valley, referable to old lakes, 
indicate that even the oldest beds are due rather to early river-action — the rivers, how- 
ever, having been necessarily broader at some places than at others. 

§ 4. THE BEICK-EARTH OR LOESS. 

All the valleys of the South-east of England contain brick-earth forming banks on 
their sides and often beds at various heights on their slopes. This is particularly appa- 
rent in the valleys of the Stour, the Medway, and the Thames. In France it is seen on a 
larger scale in the valleys of the Somme and the Seine and of their tributaries. This 
deposit contams occasionally some land-, and rarely a few freshwater shells, and it is in 
almost every respect identical with the Loess of the valley of the Rhine. This well-known 
formation has been described as an independent deposit by various geologists, amongst 
others by Sir Charles LvELLf, who concluded that it was a fiuriatile silt deposited by 
that river after its hydrographical basin had acquired very nearly its present outline of 
hill and valley ; and he explained the height (near Basle 1200 feet above the sea) to 
which it rises above the valley by supposing a filling up of the main and lateral valleys 
by river silt during a period of subsidence, and a re-excavation in part during a subse- 
quent upheaval. In many respects the analogy established by this distinguished authority 
between this ancient river-deposit and that of the plain of the Mississippi, and his argu- 
ment in favour of its fluviatile character, are satisfactoiy and conclusive. 

The difficulty I have felt in applying this hypothesis in its entirety to certain valleys 
in the South of England, and more especially to the valleys of the Somme and the 
Seine, has been the great height to which the Loess rises above the levels of these 
rivers, and the impossibility, for reasons assigned at p. 265, of admittmg such a deposition 
of silt to have taken place since their present basins had been formed ; nor would it be 
easy to conceive pre-existing depressions, of the depth we shall have to speak of, to have 
been filled up without an influx of the sea further inland than at present, and a conversion 
of the river-valleys into nan’ow estuaries far beyond existing tidal influences. But the 
evidence is rather in a contrary direction. The quaternary deposits adjoining the 
estuary of the Thames show conditions more purely freshwater than those which now 
obtain in the adjoining waters. The Loess at Menchecourt contains no trace of marine 
organisms ; and in the valley of the Seine we have recently found freshwater shells in the 
low-level valley-gravels of Rouen. At the same time a subsidence so regulated as to be 

* There are, however, a sufficient number of lulled fragments to show wear in river-shingle. 

t Manual of Elem. Geol, 5th edit. p. 122-5. By some it has been considered a glacier mud. 
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exactly proportioned to the accumulation of river sediment and to keep out the sea is 
very difficult to imagine, and is certainly not supported by the facts. 

What I propose to show is, on the contrary, that the brick-earth is intimately associ- 
ated with all the valley-gravels and is contemporaneous with and dependent upon them 
from the beginning to the end of the series, the higher deposits having been formed 
before the excavation of the valleys, and those on the lower terraces being of later date. 

I have said that in the valley of the Somme the high-level gravels rise to the height 
of 100 feet above the river ; and from some recent obser\^ations I conclude that there are 
some beds which attain a height of 150 feet. Now, if we take this latter level as having 
been the floor of the valley through which the river flowed at the period when these 
gravels were deposited, we shall find the Loess still extending to about 60 or 80 feet 
above such a plane. x4t the same time we know that the greater portion of it is accu- 
mulated in irregular masses on the slopes of the hills at a still lower level, where it 
either reposes immediately upon the chalk substratum or else covers the low-level 
gravels. In the adjoining valley of La Bresie I found traces of the higher gravels 40 feet 
above the river, and the Loess, with Pu^a &c., rising to 110 feet above this level. 
In the valley of the Oise, near Creil, I noticed traces of gravel on hills 65 feet above 
the river, whilst the Loess rises to a height of 115 feet. In the valley of the Seine I 
observed the high-level gravel at the Pont de T Arche rising 140 feet above that river, 
and again the Loess 60 feet higher. In the neighbourhood of Mantes and of Bouen 
we found analogous phenomena. The great height to which the Loess rises in the 
neighbourhood of Paris has often been remarked upon by the French geologists, and 
its occurrence on the hills above Meudon has long presented a difficulty*. Its height 
there is about 320 feet measured by an aneroid barometer. It is perfectly well 
developed, is several feet thick, contains a few land shells, and presents all the cha- 
racters of the same material on the lower levels. M. Chaeles d’Oebigny has shown 
me the Loess rising up to the top of the hiU above Ivry, and between the fort and 
Villejuif. It there attains a height of 305 feet above the river. These levels give a 
height above the high-level gravels of 150 to 200 feet, for at the Butte-aux-Cailles these 
are not more than 130 feet above the river ; but some gravels I obsers-ed on a hill-terrace 
near Mont Valerien may be as much as 150 to 160 feet above the Seine. Further search 
may also show the existence of higher beds ; or such beds may have been denuded. 

However much, in fact, the Loess may extend beyond the limits of the present river- 
vaUeys, it is always bounded by higher hills flanking the plains and the lower ranges. 
Thus, though it spreads over the low plains and hills of Belgium, it does not rise more 
than two-thirds up the flanks of Mont St. Pierre at Maestricht, In Kent it extends 
far up the slopes of the hills flanking the river-valleys, but it is in all cases bounded 

* This outlier of Loess has hecn represented as capping those hills. This would greatly increase the 
difficulty of connecting it with any old river-action, as it would extend the river boundaries to a compara- 
tively indefinite distance. Such, however, is not the case. High as it is, it is still at least KX) feet below the 
summit of the hill, 
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by the higher chalk hills*. So f^ain in the valley of the Somme, both the flanks of 
the valleys and the Icfwer hills adjoining the valley are covered, but the higher water- 
sheds between the different valleys are free from it. A general section across the 
Somme valley may be represented thus (fig. 16). 

Fig. 16 . — TheordicaJ section across the valley of the Somme. 



The Loess is therefore, like the high- and low-level valley-gravels, connected with 
existing river-valleys, although the connexion is, owing to its irregularity and wider 
extension, not so apparent ; and it becomes a question whether they may be related to 
the same common cause, presenting two phases connected with temporary changed condi- 
tions. In the first place, such organic remains as are found in the Loess arc all common 
to the fluviatile gravels ; but in the latter they are coordinate with a fauna of a more 
freshwater character. Thus there exists in the lower marl, gravels, and sands at Meii- 
checourt the same species of Helu\ Piq)a, and Claudlia as occur in the overlying Loos.^. 
In the former, however, they are intermingled with Limnwa^ Byfhinia^ Planorlis^ and 
other freshwater shells, whereas in the Loess these shells are the exception (see p. 285). 
AVith the shells in the Loess are also associated the remains of the same species of 
Elephant, Horse, Deer, &c. as are found in the underlying series. 

It is well kno\\Ti that in all rivers subject to floods and carrying do\ra much sediment, 
as, for example, the Severn in its lower course, three forms of sediment will be de- 
posited: 1st, coarse gravel and shingle in the more direct channel through which 
the waters flow with the greatest velocity ; 2nd, sand and fine gravel in those portions 
of the more dfrect channel where the velocity of the stream is checked from any caust^ ; 
and 3rd, fine silt and sediment in those parts where the flood-waters out of the direct 
channel remain for a time in a state of comparative repose ; such places are the lee- 
side of the hills, lateral valleys, and plains, and any local depressions or hollows : none 
or little would accumulate in the main channel, as the scour of the retiring winters 
would there prevent its deposition. 

In like manner I conceive the Loess to be the result of river-floods commencing 
at the period of the highest valley-gravelsf , and continued down to the end of that 

In the valley of the Thames the Loess covers the low-levcl gravels in thick masses, hut is very scantily 
spread over any part of the high-level gravels, and is rarely to be traced much above them. — March 1864. 

t The Loess may have begun to form even before the fossiliferous high-level gravels, and therefore pro- 
bably when the floor of the original valley was yet higher than these beds indicate. 
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of the lowest valley-gravel ; that the higher beds (^) were formed at the time the higher- 
level gravels were being accumulated in the bed of the old river ; the beds (b^) after 
the gravel (d) was left dry ; whilst the lower beds {b”) result from inundations of the 
river after the excavation of the valley C, and when the higher levels were heyond the 
reach of floods. The same characters prevail throughout all the levels, except that the 
lower masses usually contain more shells, and show more distinct traces of bedding and 
lamination. That the deposit of Loess was out of the reach of the ordinary current of 
the river is evident from the circumstance of its containing no rolled pebbles or fluviatile 
shells — except a few of either sometimes sw^ept in from the ordinary river-channel, and 
ser\ing to show the connexion of the tw'o deposits, — from the uniformity of its compo- 
sition, and from the local nature and angularity of its debris. It presents precisely 
those characters which would result from fine deposition from turbid waters, with the 
occasional presence of a few angular fragments of the adjacent rocks. As the wmters 
subsided, this silt would be left in sheltered positions, w'ould be added to from year to 
year, until, as the river w^ore a deeper channel, the first-formed sediment w’onld be left 
permanently dry, only to be disturbed by meteorological agencies, wLich would from 
time to time carry down poitions of it into the river, now at a lower level, there to be 
re-deposited at such lowTr levels. 

Another proof of its limited extent and of its not having at any time filled the valleys, 
is that in the louver levels, when it abuts against the hill-sides, it always slopes up 
towards the hill, following in fact nearly the present shape of the ground, and does 
not form horizontal beds cuf off and truncated in the wuy which so generally occurs 
with the higher-level gravels, or when sedimentary strata have been excavated. 

On this view* of the subject the difficulty otherwise experienced in conceiving floods 
of a magnitude such that the w'aters w*ould rise to the brim of these deep valleys, or in 
supposing these valleys to be filled up with silt and afterwards re-excavated, is avoided, 
for it would reduce the rise to be accounted for to limits more compatible w*ith our 
experience of certain existing rivers. It is possible also that variations in the extent of 
elevation of the land may even cause the diflerence often to appear greater than it is. 

There is one seeming difficulty to this hypothesis, wdiich must occur to every field 
geologist: it is, the apparently distinct separation of the Loess and the underlying 
gravels wherever they occur in association. But a close examination w'ill sometimes 
show* thin seams of loam, not to be distinguished from the Loess, intercalated in the 
gravels, especially in the higher levels, though as a rule the masses of this material 
invariably overlie the gravels. The explanation of this fact is, I apprehend, to be found 
in the circumstance that it is only when the shingle or gravel ceased to be deposited, 
owing to the changes in the level or course of the river, that the Loess could accumulate. 
So long as the place was in the direct line and on the level of the stream, and subject 
to its scouring action, no such deposit could take place. Consequently, so long as tin* 
bed of the old river was on the level of d, diag. fig. 1 7 , so long w^ould the accumulation 
of the Loess from the rise of the flood-waters to o be restricted to b. When the valley 
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became deepened to c, the gravels d, though raised above the river-channel, would still 
be subject to be coveled on the occasion of the flood-waters rising to n, and the Loess 
would accumulate at covering the gravel d and sloping up against the side of the hill 
to the level of the line 7i. So again when further deepened to the Loess would be 
deposited at W so long as the flood-waters rose to m, or to any point between c and m. 


yig. 17 , — UuKjram representing one side of a valley with a series of gravel and Loess beds. 



The Loess occasionally contains thin seams of gravel, derived sometimes from the 
underlying gravels d and c, but more frequently from the adjacent land-surface. The 
extreme sharpness, as a nile, of the debris from the latter, leads me to believe that the 
transport of such angular fragments, and the common irregularity of their bedding, arose 
fi’om drifting shore-ice. The usually small size of the fragments and the general absence 
of subangular gravel is also compatible only -with the thin ice that might be formed at 
night during the spring floods, and away from the shingle-strewed river-channel. 

The valley-gravels by themselves give no direct evidence of the extent of the floods. 
They merely show, in the quantity of debris, the coarse shingle, and the worn blocks, the 
results of torrential action. If, however, we admit the flood-water origin of the Loess, it 
necessarily follows that, as we find this deposit on ground 50 (if not 100) feet above 
the highest beds of the valley-gravels (which fix approximately the position of the main 
channels of the old rivers), it gives a measure of the floods of that period, and shows them 
to have exceeded even those of arctic rivers at the present day, for the waters of these 
rivers rarely rise more than 40 to 50 feet above their low summer level. This fact fur- 
nishes, therefore, strong corroborative evidence of the scouring and erosive energy of 
these old rivers, and tends to strengthen the opinion, before expressed, of their powder to 
excavate, when taken in conjunction with the other agencies before described, the large 
valleys through which the rivers now flow in such dwarfed volumes. I would observe 
that m each \alley the height to which the Loess rises above the high-level valley- 
gravels is proportionate to the length of the valley and the area drained, showing 
therefore its dependence upon them, and that it is not referable to any uniform level or 
to any general cause. 

Another character common to the Loess, and pointing, I conceive, to the same flood- 
water origin, is the presence of numerous small worm-like cavities penetrating the mass. 
These appear to me to be likely to have arisen in most instances from the presence of 
the vegetable and animal matter with which flood-waters are always more or less charged, 
and w^hich, deposited with the mud, decomposed and gave rise to gases that, as they 
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escaped through the soft aud pasty silt, leavened, as it were, the mass, and produced 
these innumerable tubular cavities. 

Sometimes the Loess puts on a local character, derived from either adjacent chalk, 
sand, or clay beds. It then becomes so modified as to render its true character not 
easily distinguishable. In some cases it becomes very argillaceous, in others very sandy 
or very chalky. Occasionally it is so full of angular rock- or flint-fragments as to pass 
into an angular gravel. It is the presence of a local bed of this nature, made up in part 
of the angular fragments so peculiar to the Loess, and partly from the subangular gravel 
taken up from the underl}dng white gravel (Dilmium gris), and generally deeply coloured, 
which has given rise, in a number of cases, to the Diluvium rouge (part) of the French 
geologists, as exhibited in the sections at Charonne, Gentilly and Join\ille, as well as at 
Abberdlle and Amiens. Therefore, so far from being a separate deposit, this bed at these 
places is, I consider, merely an accident of the Loess, which again is merely a condition 
of a river-deposit of the period of the valley-gravels ; so that, instead of the four separate 
deposits of ‘ Loess,’ ‘ Dilu'vdum rouge,’ ‘ Sable lacustre,’ and ‘ Dilu\ium giis,’ into which 
some able French geologists would divide the deposits at Gentilly, JoinviUe, St. 
Acheiil, &c. I w’ould divide them, on hthological characters alone, into two groups — 
the Loess and the Valley-gravels ; wLilst so far as age is concerned I should consider 
them as one, representing phases of like causes under different conditions. 

§ 5. ORGANIC REMAINS OF THE VALLEY-GRATELS. 

As it is very desirable to determine whether any changes in the fauna occurred during 
the period which elapsed between our earliest fossiliferous high-level vaUey-gravels and 
the latest low-level gravels, I have attempted to form separate lists of the organic re- 
mains of each series. I feel, however, that w^e are not yet in a position to do so with cer- 
tainty or completeness. The difficulties in the w’ay are, 1st, the uncertainty as to which 
series the beds may in some cases belong to ; 2nd, the frequent absence of record as to the 
level at which the organic remains have been found ; 3rd, the incompleteness of the seai'ch. 
I therefore submit these results merely as an approximation and a commencement. 
I am indebted to Dr. Falconer and M. Lartet for much valuable information respecting 
the mammalian remains, and to Mr. Gwyn Jeffreys for the correction of my former 
lists of the MoUusca, and for his kind assistance in determining additional species. 
As a term of comparison for the MoUusca, I have taken tlie group of land- and 
freshwater sheUs now inhabiting the districtsf where the fossil species are found, 
adopting, generaUy, IMr. Gwyn Jeffeeys’s nomenclature and distribution for England, 
and taking for their range in France M. Picard’s “ shells of the department of the 
Somme M. Bouchard-Chanteroux for those of the “Pas de Calais,” and M. Baubonv^ 

* Bull, de la Soc. GtoI. de France, 2® ser. vol. xii. pp. 1277, 1297, 1298 ; vol. xvii. pp. IS, 19. 67-78. 1^8. 
(With reference to M. Hubert’s observations, 2^ eer. vol. xvii. p. IS, see his “ rectification," vol. xii. p. 2.15. ) It 
was not until towards the end of 1859 that this able geologist expre-ssed belief in the discoveries at St. .\eljoul. 

t Forbes and Haxlet’s ‘ British MoUusca,’ and Mr. Gwrs Jeferevs's * Britidi Conehology,’ vol. i. 

t .Joum. de la Soc. Linneenne du Nord de la France, vol. i. p. 149. § Soc. Acad, de TOit^e. 18.5o. 
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for those of the Oise. I have given in the Appendix the results of this examination of 
the range of the quaternary species of the beds under review. 

High Levels. — The high-level gravel of St Acheul has furnished a distinct and toler- 
ably complete list of Mollusca ; but in England the evidence is more imperfect. Hoxne 
supplies but few species, and some uncertainty attaches to the level of Biddenham*. 

Out of a total of 109 land- and freshwater shells now inhabiting the South of England 
and North of France, 36 species have been found in the dint-implement-bearing high- 
level gravels ; and of the 12 freshwater genera 8 are represented in these old allu'via. 

There is a singular scarcity of Unionidee and Paludinidae. The Neritinidse are not 
present at all. .^IFhe LimneeadaB, of species inhabiting marshes and pools, on the contrary, 
abound, together with, in places, the fluviatile species of Ancylus ; the Helicidae are, 
Sucdnea excepted, poorly represented, compared to their numbers in the low-level gravels. 
A variety of species are common at St. Acheul, while at Montiers one species of P?/pn 
(P. marginata) occurs in thousands with but few other shells, and in the various other 
isolated patches of high-level gravels between Amiens and Abbeville, including the 
beds at Moulin Quignon, I have not been able to discover any traces of shells. The) 
are equally rare in the high-level gravels of other valleys, except at a very few places. 
Combined with this scarcity, there is also an absence of such shells as would mark full 
deep rivers or lakes, whilst such as might be found in broad and shallow livers, that, 
like many of those of Northern America at the present day, are hooded at one period 
of the year and nearly dry at others, occur at long intenals. In most of these northern 
rivers shells are also extremely scarce. Mr. Bell mentions an instance where he 
travelled along the banks of the river Magdalen for foiu weeks, during which the 
only shell he met with was a species of Limn(Hi’\. This scarcity of shells is common in 
most of the rivers in these high latitudes. Along such rivers, however, there are often 
quiet pools, where shells are more numerous. If to the limited fauna found under these 
circumstances we add the land-testacea carried down by freshets and by small tributary 
streams, the shells so brought together would form a collection very similar in character 
to that which we find in these po.st-pliocene deposits. 

At St. Acheul Mr, Godwix-Austex called my attention to a large sandstone block 
having on its surface numerous rudely worm-shaped lines of concreted sand, bearing 
a very close resemblance to those made by the sand-covered gelatinous attached polyzoa so 
common in our clear stony-bedded streams, as a proof that it had lain in a running stream. 
Such specimens are not rare, and taken with the absence of mud or clay beds in these 
gravels, and the general character of the shells, lead also to the inference that the old 
rivers were usually clear and limpid. 

Mdth respect to the species of Mollusca, they show, with few exceptions, a near 

^ I give the list of shells I have fonncl at Biddenham, together with the list of those found by Mr. Wyatt 
at Summer-house Hill in beds which certainly belong to the low-level series. I do not, however, feel sure that 
uoth Biddenham and Joinviile, though distinctly above the low-levels, should not be placed on an intermediate 
ievel.— Feb. 1804. 

t Geological Survey of Canada, 18o7 k 1858. 
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identity with those now living in the same area. There are rarely sufficient modifica- 
tions in size or form to lead us a pnoH to infer any material differences in the conditions 
under which they lived. Certain species of Pisidium^ Cyclas, Ldmnma, Succinea, Plamr- 
his^ Helix^ &c., were then, as now, among the most abundant shells. Som'e varieties, 
such as one of Piddium fmtinale^ and that of Helix pulchella, are, I am informed by 
Mr. Jefpeeys, forms more peculiar to the north of Europe. The Hydrohia marginata, 
though not known in northern Europe, ranges high in the subalpine tracts of the Jura 
and Alps. 

But though there is nothing sufficiently specific in the individual species to indicate a 
climate different from that of the present day, there is at the same time nothing to 
require restriction to an identical climate. If, further, we look at the group as a whole, 
we shall find it to have not only a very wide range, but one more in a northern than in 
a southern direction. Of the 36 species found in these high-level gravels, 29 are found 
in the plains or on the hills of Lombardy*, whereas 34 of them range to Sweden and 31 
to Finland; amongst these are the common Succinea jgutris^ S. elegans. Helix hispida, 
IL nemwalis^ H pulchella, Zmites radiatulus, Pupa margirmta^ lAmncea peregra, L. pa- 
histris, L. tnoicatida, PlanorUs vortex. P. complanatus^ P. alius, P, ^pirorMs, Bythinia 
fentacuhita, Ancylus flvviatilis, Vahata piscinalis, Cydas cornea, Pisidhm amniami, and 
P. fmimale. Many range further north in Europe, but there is no list of the land and 
freshwater shells of any more northern district so complete as that of Finlandf . It is 
known, however, that a gi*eat number of these same species are found in Siberia. The 
annual freezing of the rivers, even in less northern latitudes, proves at all events the 
power of these mollusks to endure a great winter cold J. This capability of enduring 
severe cold, and their northern range, show that they could readily have adapted them- 
selves to great changes of climate in the region where they are now found. The general 
absence of southern species is also not without its significance ; for while out of a total 
of 77 Finland species 31 have been found at the few places named in our list (see Ap- 
pendix), only 29 out of the 193 Lombardy species have been met with in these beds. 

Our knowledge of the fossil Mammalia of the high-level gravel-beds is very incom- 
plete. I might, it is true, include those I have reason to beUeve are of the same agt^ 
and which would furnish us with more complete and positive data — such, for instance, 
as a great number of the cave-deposits ; but, from the circumstances I have before alluded 
to, I deem it best to confine myself to these particular beds and to the localities wheix' 
flint implements have been found. Few of our own high-level gravels contain any 
organic remains at all : in the greater part they are entirely absent. 

* Catalt^o dei Molluschi della Lombardia, by A. & G. B. Villa. Milan, 1844 & 1853. 

t Finland Mollnsker, af Noidenskiold och Hylander, Helsingfors, 1856. 

+ PlCAEB mentions an instance where some specimens of Irnmma aurieularia he had placed in a vase, froze 
in the ice, which was exposed to a temperature of — 2° Fahr. MTien the thaw came and they were released 
they soon recovered and became as active as ever. — Op. cit. p. 278. 
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The mammalian remains at present recorded from the High-level Flint-implement- 
bearing Gravels are : — 


1 1 Hoxne. 1 

‘ 1 

Bedford. 

Biddvnhani. 

Amiens. 

St. AcheiiL 

i Elephds primigeniits j * (sp, ? ) j 


m 

' mitiquus . . . ’ 

* 

* 

1 Rhinoceros tichorhinus .| .... 



' Equus (the common fossil species) . . | ^ 

■* 

* 

; Bos (jjrimigenitts ?) 1 * 

; •* 

! « 

' Oerrus > * 

1 * 


i tarandus ... 

1 * ? 

.... ! 

t 


This list is very small, and would not of itself suffice to prove the character of the 
climate. We know only that the Elephas primigenius and Rhinoceros tichorhmus are 
considered, from their association and their structure, to have inhabited countries j>os- 
sessing cold climates ; and that their remains are found chiefly in the subarctic and north 
temperate zone, and are not known south of the temperate zone. We Imow also that the 
Horse and the Ox brave the winters of Siberia and Northern America. The Reindeer 
is essentially a northern animal. 

Of the flora of this period we have veiy limited means of judging. Generally the 
high-level gravels contain no vegetable remains, with the rare exceptions of mere 
fragments of decayed wood. Occasionally, where lodgements have been effected out of 
the direct course of the main stream, plant-remains are more abundant, and the wood 
larger and more perfect — so much so as to lead to a hope that ultimately w^e may find 
a favoured spot containing the requisite evidence respecting the vegetation of the period. 
In the mean time there have been found at Hoxne large pieces of the stem and branches 
of the Oak, Yew, and Fir, and traces also of leaves and seeds*. These trees, common 
in our latitudes, have at the same time a considerable northern range : and, as with the 
Testacea, there is thus far an absence of southern forms. If we may consider the Oak as 
defining an extreme of climate, we shall find ourselves restricted in a northern direction 
to some moderate degree of cold, for the Oak in Europe does not extend beyond 58"^ to 
63° lat., with a winter temperature of from 15° to 20°. In America it reaches, and that 
only in a stunted form, no further north than the basin of the Saskatchewan, within a 
short distance of Cumberland House, in 64° lat., where, however, the winter tempera- 
ture is — 3°-7 f . It may be a question whether in those latitudes where the sun would 
have more power than in the higher latitudes first named, and where consequently the 
ground in the summer would thaw to a greater depth, the Oak may not have thriven 
under a winter temperature more nearly like that of the American region. 

* I since found, in the autumn of 1863, a few impressions of a leaf, apparently of a Bflbeirj", in bed d, at 
Hoxne. 'With these there were also numerous valves of Cypiidea and some calcareous grains of Avion (tier , — 
Feb. 1864. 

T Arctic Searching Expedition, by Sir Johjt Eichaedsox, London, 1851 ; The Vegetation of Europe, by 
A. Hexjkey, London, 1852 ; Gt^graphie Botanique, par A. De CAismouLE, Paris, 1855, 
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It is evident that if we had to depend only upon the organic remains for decisive 
evidence of the nature of the climate of the period under inquiry, we might fail to 
arrive, on the present data, at any exact or positive conclusion. All the recpt species 
are such as are now to be found within the limits of the temperate zone, but they 
appear to agree better with the fauna and flora of its northern than of its southern 
provinces; the Fossil Mammalia may also, from their general association and distri- 
bution, be considered to have inhabited cold countries ; so that there is a balance in 
favour of the probability of a severer, but not of an extreme climate. On the one 
hand, ive are restricted in the degree of mean winter cold by the presence of trees, and 
more especially of the Oak ; on the other, we are restricted in the degree of heat by 
the range of the Eeindeer and the absence of southern forms. 

If, further, we take these indications in conjunction with the physical features before 
described, the conjoint evidence has more weight and preciseness. Limited as the evi- 
dence of the organic remains is, it is at all events in accordance with the physical 
evidence in favour of a considerable winter cold. It is possible even to attempt somt‘ 
approximate limitation. Thus a climate where the Oak, the Yew, and the Fir (and 
the Bilberiy’) throve, where Reindeer li\ed, wLere Deer, Horse, and Ox abounded, and 
where the rivers were subject to periodical floods, and froze so as to transport large 
boulders for considerable distances, presents conditions which would probably accord 
with a mean winter cold of not less than 20°, while it may have been as low as 10° or 
even lo-wer. This would be from. 19° to 29° under that which now obtains in these 
regions, taking the winter temperature of the S.E. of England and N. W. of France at 39° 
— a diflerence, under normal conditions, equal to that of from 10° to 20° of latitude on 
one meridian. 

Low Levels. — The organic remains of this series aie more numerous and afford better 
evidence of climatal conditions. 

Mollu8Ca. — Of the 36 species of shells enumerated in the high-level gravels, 31 occur 
also in our lower gravels, together with 20 species which have not yet been found in the 
higher series of these districts, making a total of 51 species belonging to the beds now^ 
in question*. In the present state of the inquiry I attach little weight to the pre- 
sumed absence of 5 high-level gravel species ; while it remains to be seen how^ many of 
the additional 20 species may be found in higher beds elsewhere. Amongst the addi- 
tional species are the Carychiim minwium and Helix fmticum. The former has a wide 
range in England and over every part of the Continent ; the latter, on the contrary, is 
a temperate and north European species, but does not live in England. The Helix 
arbustomm is also of the small variety characteristic of cold or alpine regions, while 
the H pygrma is likewise a northern species. On the other hand, several other species 
of Helix (see Appendix) found in these beds range through central and southern Europe 
only. The other species to be noticed in these newer beds, are the Pomatias ohscurus. 

* The liste from the low levels of Abbeville and Bedford are given in the Appendix. The latter arc Ironi 
Mr. Wyatt’s descriptions of the sections at Harrowden and Summerhouse Hill. 
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Clansilia plicatula, a^d Vitrina diaphana, shells now living in France but not in 
England, and all of which Mr. Gwyn Jepfeets has recognized in my collection from 
Menchecourt*. The last-named shell is more especially alpine ; whereas the Cyclosimia 
elegans, which abounds at this place, and has not been found at either St. Acheul or 
Biddenham, has a range essentially southern, not being now found north of central 
Germany*|*. 

Besides the land and freshwater shells, the following species of marine and estuarine 
shells have been met with at Menchecourt : — 

Bnmmtm tindatum, Littorina sqtmllda. Card'mm ediile. 

Fusifs. Ifassa retkidatu. Ostrea edvlis. 

Littorina littorea. Purpura lapillus. Tellim BaltMai. 

These, like the freshwater shells, present, with two exceptions, no differences from the 
recent species. These exceptions are, according to Mr. Gwyn Jeffreys, L. sguulida, 
which is now absent from our shores, but lives on the coast of Norway ; and the 
T. Balfhica, which is of the northern variety. Both these shells are found in other 
postpliocene deposits of this country, and range back as far as the Cmg. 

But the most important shell at Menchecourt is the Cyrma Jlmnimlis^ of which I 

have found three specimens J. This mollusk, as is well known, now lives in the Nile and 

in mountainous streams of central Asia — a range presenting great extremes of climate. 

It is evident that at Menchecourt the waters were saline or brackish. As in the 
estuary of the Thames at present, the Cardium edide and the Littorina littorea were then 
common shells. The Buccinum undatum was far from rare. Of the Ostrea I have only 
found one dwarfed specimen. Associated with these are numbers of Limntea^ llelix^ 
and other freshwater and land shells, washed down into the estuary by freshets of the 
old streams or rivers. On some of the large flints in bed e (former paper, p. 284), which 
are as fresh and perfect as though just taken from the chalk, I have found attached the 
opercula of Bythinia. These flints were probably carried down undisturbed with the 
Bythinia itself attached, from the bed of some small tributary stream, by the agency of ice. 

That shells should be found at Menchecourt and Mautort and not at Montiers and 
St. Roch, arises, I imagine, from the overwhelming floods, and from the large mass of 
{‘onstantly shifting shingle along the bed of the old river, which would be influenced 
thereby throughout the length of its main channel above tidal influence. But where 
the tide met the current, near Abbeville, the force of the latter being much checked — 
especially where any projecting land sheltered portions of the river from its full effect, 

A curious feature of the period is the abundance of two species of slugs. In some of these beds, and more 
specially in the Loess, at Menchecourt I had found numbers of small oval calcareous bodies, for the origin of 
which I was at a loss to account until Mr, Gwtn Jeffkets recognized them as the calcareous grains found in 
the Arion ater. The small shelly shield of the Lima.r agrestis is also found, but less abundantly. — April 1864. 
r GwT]sr Jeffeeys, ‘ British Conchology,’ vol. i. p. 305. 

q; It is singular that in the greater number of places where the Cyrena Jluminalis occurs in a fossil state 
the waters have been brackish or estuarine, as at Grays, Chislet, Abbeville, and in Norfolk (the Crag) &c. 



CONTAINESrd FLINT IMPLEMENTS, AND ON THE LOESS. 


283 


as the hill of St. Gilles with respect to Menchecourt — there we might expect a quieter 
deposition of sedimentary matter ; and this we find to be the case at the latter place. 

These causes, as in all rivers of the present day subject to heavy periodical floods, 
must have operated very generally during this quaternary period, and have rendered 
the remains of freshwater mollusca in these fluviatile deposits the exception and not the 
rule. As a proof of this, I may remark that I am not aware that land and freshwater 
shells had been noticed in the lower gravels of the Seine valley until I discovered the 
few species mentioned at page 261*. Neither the valley of the Lark nor the valley ol 
the Waveney have yet jielded any. In the valley of the Ouse they are more common, 
though still comparatively scarce. 

As with the pulmoniferous Testacea of the high-level gravels, although there is 
nothing in the individual species found in the low-level series to give a definite clue to 
the character of the climate of the period, still the group maintains its northern ten- 
dencies, there being, out of a total of 52 species, 42 now living in Sweden and 37 in 
Finland (or nearly one-half of the Finnish species), whereas only one-fifth, or 38, of the 
Lombardy species occur in these quaternary beds. The marine shells are also common 
temperate and cold-climate species. The LiUorina squalida alone slightly weighs the 
balance in a more northern direction ; but, on the other side, we have to notice the 
introduction of a few more southern land and freshwater species, such as the Lnio 
UttoraMs, of the caperata^ Pomatias ohscurus, and the abundance of Cyclostoma 
elegans^ which may be taken as some evidence of a more genial climate than that of the 
period preceding it. The profusion also of the land and freshwater testacea, and the 
greater abundance and variety of animal life, support this latter view. The great bulk 
of the species, both of Mollusca and Mammalia, being common to both levels of gravel, 
w^e may presume that no very important change in the mean temperature then took 
place, and -that any transition was gradual, although it is possible that the winter 
climate of the one period may have differed to some extent from that of the other. 

The following species of Mammalia have been found in these low-level gravels. 1 
am indebted' to Dr. Falconer for the determination of all the Bedford specimens, and 
to M. Lartet for the Paris list. The species from the Somme valley are the same as 
given in my former paper. 

This list, although more complete than that of the other series, must be taken only as 
a verj" partial representation of the fossil Mammalia of the period. There are other 
localities beyond our inquiry which, as with the Mollusca, would afford a larger and 
more varied list, like, for example, the valley of the Thames f; but, as 1 purpose tc 
show their synchronism at length, 1 consider it better in this more special inquiry to 
confine myself to the above species. There are enough, independently of other loca- 
lities, for the general argument, which, so far as regards the Elephant and Rhinoceros, 
follows the same line as that relating to the high-level gravels. 

* Besides these {ante, p, 2()1) I found in a marl in a higher level and corresponding with the Loess. Ui lir 
hspida, H. pulchella, H. nemomUs, Ihipa marginata, Suecinea pntHs, Avion ater, and Bytliinia teatandata. 

+ And the valley of the Wiley at Salishury (Dr. Blackmorf/s remarkable collection). — March l&dl. 
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Bedford, 

Great Northern 
Railway, or 
Sum.77ier-hous€ Hill, 

Abbeville, 

Menehecourt. 

Amiens, 

St. Rock 

Paris, 

GrmeUe, Ivry, 
Clicky, or the 
RuedeBmiUy. 

Eiephas primigenius, Rlum , . 

* 

* 

* 

# 

antiquus, Fak 

* * 


* 

# 

Bhinoeeros tichorhinns, Cuv. 

* »■ 

* 

* 

* 

megarhinus, Christol. 

* >■ 




Drsus spelseus, Blum 

* * 




Hvsena speisea. Gold. ..... 




*? 

Felis speloea, Gold 


* ! 


# 

Bos primigenius, Bo) 

*? 

* ! 

* 

# 

Bison prisons, Boj 

* >• 

* i 


* t 

Equus (possibly two species) 

i 

* ' 

* 

* 

Cerviis' euiy'ceros, A/dfr. .. 

* »■ 


! .... 


elaphus, Linn 

I * 


* 

* 

tarandus, Linn 

1 * 

* 

1 . . 

* ' 

Hippopotamus major, AT-sit 

i * 


! * 

* p 

Sus 

1 

1 * 



i * 


This detennination is by Dr. Falco^hee, but rests upon a single fragment of a tooth I found in tlie pit at 
the Hue do Eeuilly. I have a molar tooth of probably another species of Ehinocervs {R. henvtcechus, Fale.) 
from Bedford, but it is too low worn for a confident determination. ® I omit the Cenms Somoneiisis. as 
Dr. Falcojtee and M. Laetet consider its specific distinctness very doubtfal. The specimens from the railway 
. utting are in my collection ; those from Summerhouse Hill are in Mr. \YrATT‘s. .Where, in columns 1 and 4. 
the specimens are known to me only from one of the locahties, that place is designated by its initial letter. 

There is no doubt that the Eeindeer lived during the period of formation of the 
^St. Acheul beds, although not found at that spot ; in the lower valley series it is a com- 
mon species. We know that this creature now ranges from the shores of the Arctic Sea 
to about 46° N. iat. in Asia, to 47^^ in America, and 60° in Europe *. This corresponds, 
in the first instance, with a winter temperature of about 19°; in the second with one of 
16°; and in the third mth 23°Fahr. These parallels, however, give only the line of 
winter migration of the Eeindeer. Their chief home is in the more arctic districts, of 
which these latitudes are merely the southern boundaries. The Aurochs is now 
restricted to a region of which the winter climate is 25°. 

The Musk Ox, which is found fossil in the low-level gravels of the valley'of the Oisef 
{as well as in the Thames valley), is more essentially an animal of cold countries, 
ranging now only from the extreme polar regions to lat. 64° N. in arctic America. 

On the other hand, there are two animals which might be considered to militate gainst 
this northern tendency. The one is a large Felis. It is, however, well known that a 
species of Tiger is common on the Lower Amoor, where the river is frozen for five 
months in the year. A Tiger also lives constantly in the severe climate of the district 
around the sea of Aral, where the shore-waters and rivers freeze every winter. In his 
sur^’ey of that district, Commander Butakopf J remarks that Tigers roam constantly in 

Kichakdsojt, ‘ Fauna Boreali- Americana:’ Desmaeest, in D’Orbigny’s ‘ Dictionnaire d’Histoire Naturelle.' 
art. “ Henne Logax, ‘ Geological Survey of Canada for 1857,’ Appendix, pp. 227, 244. 

t Flint implements have been found in these gravels. 

X Journal of the Geographical Society, vol. xxiii. p. 95 (1852). 
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the vicinity of Aralsk, and particularly in the winter, notwithstanding the frost.” The 
January temperature of this part of Asia falls as low as between 14° and 10°Fahr. 

The other is the Hippopotamus. Eomains of this latter creature are met with at 
St. Koch, but none are yet recorded from Menchecourt. It is found also in abundance 
at Bedford. In the various flint-implement-bearing localities it is confined to the low- 
level gravels. Should this prove to be the rule, which I am not prepared yet to assert, 
it will be one of some interest. The difficulty felt about the possibility of the Hippo- 
potamus living in a severe climate, arises from the habits of this creature leading it to 
pass so much of its time in the water. But if the possibility, so far as regards the supply 
of food and protection by special covering against the cold, of the other large pachy- 
derms living in such a climate be admitted, then why should not the Hippopotamus 
also have been fitted for a cold climate, provided it partook of the same special con- 
ditions. Like its congeners the Elephant and Rhinoceros, this Hippopotamus belongs 
to an extinct species, and it becomes a question whether, like them, it may not have 
been adapted to endure the rigours of a severer climate than the lirag species of these 
genera can now endure. 

Plants . — ^On this point our ground is almost barren. A few traces of decomposed 
wood, and one solitary small specimen, apparently of a branch of the common Chara^ from 
Menchecourt, are all we possess from the places under review. This plant is found in 
almost all the rivers of Europe, extending as far as the Volga in lat. 56° and 60° N. 

After examining the Fauna and Flora of the low-level gravels, we cannot but feel that 
the premises from which we have to draw our conclusions respecting the climate of the 
period are still limited. The physical features show an absence of those marked 
indications of ice-action we detect in the high-level gravels, but point to the presence 
of ice in quantity sufficient to transport large boulders. The shells throw a little 
more light on the question, showing the continued prevalence of a northern group, into 
which, however, several southern forms have been introduced. The Mammalia continue, 
with few exceptions, to give evidence of the persistence of a rigorous climate. On the 
whole, although the climate may have been less severe than that of the previous period, 
it is probable that the winter temperature was not higher than some point between 15 
and 25°. The circumstance that the old valleys difler from the excavations made by 
existing riv^ers — which cut deep gorges rather than broad valleys with sloping sides — 
rather confirms the opinion that the winter cold and spring floods may have diminished 
from year to year throughout the period of the vaUey-gravels, the result having been to 
cause the channels made by these old rivers to be of gradually contracting dimensions : 
hence possibly the difference in width between the top and the base of C (fig. 19, p. 298), 
and hence in part the sloping sides of the valleys. 

Lo^, Law-i^YEE.. — have found in this deposit at Menchecourt, besides the remains of Mammalia common 
to the underlying sands and gravel, — 

Anon ater. hisjoida. Piipa nmrginata. Pisklium amnicum. 

Limas agrestis. tumoraJis. Vitrina diaphana. fontinale. 

ClaustJia {rvgom ?). Helix arhustorwm, var. 2k)nit(s radiatulus. Pupa, Helix, and Arion are abiin- 

Sttcctnm elegam. pvdchella Zmlxdmca. dant; Pisidium rare. 
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Loess, hi&h-letel. — Therp is a portion of the horns of Cervus elajthus in M. BoncHEB de Peexhes’ collection, 
from a hod of high-level clay near St. Eiqnier ; exact level not known. Mammalian remains are reported to 
have been found in a clay-pit on the plateau between Treport and Abbeville, but I have myself never found 
either shells or bones in such positions. 

jS'oTE. — In the original paper read in March 1862, I had introduced a discussion on the uses of the flint 
implements, treating them as fossils of this period. The subject, however, is too long and too hypothetical to enter 
upon here. I would merely remark that these rude implements may almost all be referred to flint-flakes for 
cutting and flajnng, and to pointed weapons of offence and defence. There are ovoid forms to which it is difaeult 
to assign a use. Some of the more spatula-shaped implements I suggested might have been used as ice-chisels : 
in arctic regions the inhabitants never travel in winter without some such instrument attached to a stick, for 
the purpose of obtaining water when required, or for making holes in the ice for fisliing. I may also remark 
that in the high-level gravels the lance- or spear-headed instruments predominate, whilst in the lower-level 
gravels the simple flakes of various shapes are the commoner forms. 


§ 6. CLIMATAL CONDITIONS. EXCAVATION OF THE VALLEY8. 

I have shown, on the authority both of Continental and English geologists, as well as 
by the evidence brought forward by myself in this or in my former paper, — 

1. That certain beds of gravel, at various levels, follow the course of the present 
valleys, and have a direction of transport coincident with that of the present rivers. 

2. That these beds contain, in places, land and freshwater shells in a perfect and un- 
injured condition, and also the remains, sometimes entire, of land animals of various ages. 

3. That the extent and situation of some of these beds of gravel so much above the 
existing valleys and river-channels, combined with their organic remains, point to a 
former condition of things when such levels constituted the lowest ground over which 
the waters passed. 

4. That the size and quantity of the debris afford evidence of great transporting power ; 
whilst the presence of fine silt, with land shells, covering all the different gravel beds, 
and running up the combes and capping the summits of some of the adjacent hills to 
far above the level of the highest of these beds, points to floods of extraordinary 
magnitude. 

These conditions, taken as a whole, are compatible only with the action of rivers 
flowing in the direction of the present rivers, and in operation before the existing valleys 
were excavated through the higher plains, of power and volume far greater than the 
present rivers, and dependent upon climatal causes distinct from those now prevailing 
in these latitudes. The size, power, and width of the old rivers is clearly evinced by 
the breadth of their channel, and the coarseness and mass of their shingle beds ; whilst 
the volume and power of the periodical inundations are proved by the great height 
to which the flood-silt has been carried above the ordinary old river-levels — ^floods which 
swept down the land and marsh shells, together with the remains of animals of the 
adjacent shores, and entombed them either in the coarser shingle of the main channel, 
or else in the finer sediment deposited by the subsiding waters in the more sheltered 
positions. As the main channel was deepened from year to year by the scouring action 
of the rivers, the older shingle banks were after a time left dry, except during floods, 
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when they became covered up with the flood-silt, which, extending also over the 
adjacent land and shores, was there deposited directly upon the rocky substratum. As 
the channel became deeper, and the tributary valleys partook of the same erosion, they, 
being out of the main river-current, tended especially to receive thick deposits of the 
flood-silt (Loess), while the higher grounds were left permanently dry. 

Rivers subject to periodical floods are extremely variable in their course and direction, 
flowing first on one side and then on the other side of the valley, shifting the shoals and 
gravel banks, and distributing them in a very irregular manner. Consequently it is by 
no means necessary to suppose that a bed of gravel like that at Oakley and Abbots 
Thorpe extended across the valley of the Waveney, or that the gravel bed of St. Acheul 
extended the whole width of the valley of the Somme, but we may rather infer that 
local conditions led to the great accumulations of gravel at certain spots, especially on 
the sides, whilst others would be left more or less bare. The subsequent denudation 
may therefore have been comparatively slight, and the present outliers of high-level gravels 
may yet represent a not inconsiderable portion of the allmium of the old rivers. That 
these rivers had at times a torrential character, is evident from the nature of their 
transporting power, as indicated by the prevalence and coarseness of the gravels, by the 
absence of mud-sediment, and by the rough and irregular lines of bedding. But not 
only have we these exhibitions of the power of the old rivers ; it is further evident, 
from the presence in the terrace-gravels of large blocks, often but little worn and 
transported from considerable distances, together with much shai’p and angular smaller 
debris, that there was some other power in operation besides the ordinary transporting 
power of water, great though that be. For the blocks in the one case would have shown 
an amount of wear in proportion to the length of transport, and the smaller debris 
would have been separated from the larger ; whereas the blocks are always more or less 
angular, they are scattered indiscriminately through the gravel, are often associated with 
the most delicate and fragile shells, and ^vith bones of Mammalia but little or not at all 
worn. The only cause adequate to produce these results is, I conceive, the action of 
river-ice, whereby these blocks and a portion of the debris were carried down and 
deposited along the river-channel, more especially in those parts where the currents 
may have been checked either by a widening of the river or by the influx of a tributary 
stream. The recent phenomena, with reference to the transport of blocks by ice on the 
St. Lawrence at its breaking up in the spring, have been so well proved by Captain 
Bayfield* and Sir W. LoGA^^f, and illustrated by Sir Chaeles Ltell and other geolo- 
gists, that it is unnecessary to enlarge upon them here. I may, however, mention that 
more lately in sinking the caissons for the Victoria Bridge at Montreal, the bed of the 
river, through its width of about two miles, was found to be strewed with large rock 
boulders. 

The remarkable contortions in the clay clifls of Norfolk have been attributed by 

* Proc. Geol. Boc., rol. ii. p. 223 (1836). 

t Ibid. vol. iii. p. 766, and Canadian Journal, 
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Sir Chaeles Lyell to the grounding of icebergs on the soft sea-bed, and I am disposed 
to attribute to a somewhat like action, on a small scale, of the river-ice, the anal(^ous 
structure exhibited in the St. Acheul and other high-level gravels (%s. IE, 14, 15, p. 269). 
Mr. A. Mueray, in exploring the shores of the Mississagui river, noticed instances of 
similar recent effects of ice, “ where the coarse shingle was loosely piled up in great 
conical heaps. The accumulations were usually at a turn in the river where there was 
a strong current above. The ice, brought down with violence and impinging on the 
side at the turn, appeared to have ploughed up the shingle and pushed it forward on 
to the bank. One of the heaps was estimated to be 10 feet high at the apex, with a 
diameter at the base of 40 to 50 feet ; it rested on closer packed materials of the same 
kind, which also formed the bed and the margin of the stream in the neighbourhood ” 

These results agree with and confirm the indications furnished by the organic remains, 
viz. that at the period of the liigh-level gravels the winter cold, which so froze large rivers 
as to furnish ice-rafts capable of transporting innumerable boulders, many of 5 to 10 
tons weight or more, for great distances, was not less than that of Moscow or Quebec at 
the present day, and that it may have been even lower. It is generally admitted that 
previous to this time, in the pliocene or early post-pliocene period, the cold was still 
more severe. Then the greater part of England was under the sea, whereas Switzerland 
and the greater part of France had emerged from the sea at an earlier, or Miocene period, 
and there is no proof of their having been subsequently submerged. 

It was during this previous period of intense cold that the wonderful extension of 
the Alpine glaciers took place, and that many minor chains, such as the Jura and the 
Vosges, had also their glaciers. On the north of the Alps these old glaciers descended 
to within 1200 to 1000 feet of the present sea-level, whilst those now existing in Swit- 
zerland do not come lower than within 3400 feet of that level. M. Leblanc f has 
calculated that such a difference of level might be accounted for by a reduction in 
the mean annual temperature of 12|° Fahr. But although that might give the limits 
to which glaciers could descend in these latitudes under ordinary circumstances and 
like conditions, it by no means proves that a greatly lower temperature may not have 
accompanied and hastened their enormous giowth ; nor, when we look at the length and 
extent of the valleys, of which the fall is but small, over which the old glaciers passed, can 
their progress along surfaces so slightly inclined be compared with that where the inclina- 
tion, as usually in their present beds, is steeper and the channel narrower^;. I do not 
believe, therefore, that this estimate of M. Leblanc furnishes us with even an approxi- 
mation to the extreme cold of that glacial period. If, however, we were to assume that, 

♦ G^logicd Survey of Canada, for 1858, By Sir W. Logas, p. 103. 

t Bull, de la Soc. Geol. de France, vol. xii. p. 132 (1841). 

X Thus in the valley of the Aar, where the inclination of the surface is about 2^°, the glacier of the Aar does 
not come down lower than within 6000 feet of the sea-line ; whereas the glaciere Du Bois and des Beesons, with 
beds inclined at 8° to 10°, descend to within 3500 feet of the sea. On the Italian side (rf the Alps the old 
glaciers descended lower and nearer to the sea-level than those on the Swiss side. 
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at a certain time towards the end of the glacial period, a temperature of 12|° below that 
of the present day had supervened, the farther extension of the glaciers may have been 
thereby checked ; and as the present mean annual temperature of the S.E. o^ England 
and K.W. of France may be taken at 50°, this would have made it equal to 37|° — the 
mean annual temperature of the two stations before named, Moscow and Quebec, being 
respectively 40°'02 and 41°*85*, and that of Cumberland House (Northern America) 
being S0° This mean annual temperature would agree with the conclusions at which 
we had arrived with respect to a mean winter temperature below 20° and above 5°, or 
possibly between 10° and 15°, having prevailed during our high-level gravel period. 

If there had been no amelioration in the climate at the period of the high-level 
gravels, the permanent ice and snow accumulated during the preceding long-continued 
and severe cold on the hills and mountain-chains of Europe would have remained with- 
out change, and the discharge of the rivers would only have been in proportion to the 
annual rainfaU, whatever that was; and if that fail were not excessive, we should 
have no extraordinary agents in operation beyond the winter frosts and snow and the 
attendant spring floods. But if w^e suppose that (as must necessarily have happened at 
some time between the glacial period and the recent period), owing to a further improve- 
ment in the climate, the winter temperature became permanently and most probably 
gradually higher, then it would follow that during each recuiring spring the rivers 
would have had their former ordinary discharge increased by the addition to the 
annual rainfall of a certain proportion of the snow and ice stored up during the 
former cold period. This quantity might have been equal to the accumulation of one, 
two, or more winters, according as the rate of elevation of the mean annual temperature 
was slow or rapid. In all valleys connected with mountain-chains the result of these 
climatal changes must have greatly increased the power of the annual floods — whence 
the greater excavation of the valleys connected with such regions. In our case, however, 
the extreme conditions do not generally apply, though I believe the foregoing general 
cause influenced the results. Most of the valleys we have to investigate are not 
connected with areas of old glaciers. The Waveney, Ouse, and Somme are not so 
connected. No traces of old glaciers are recorded even in the Ardennes, and those of 
the Morvan have been contested f, although I think without sufficient reason. Never- 
theless with the degree of cold we suppose to have existed at this subglacial time, the 
mere winter accumulation of ice and snow on the higher ranges of hills must have 
been large. The effects of the greater water-powder observ^able in the valley of the Oise, 
and of the Seine more especially, may be due not only to the height of the ranges of 
hills in which they take their source, but also to the larger areas of drainage. 

Starting from the point that the high-level gravels of our district are of an age sub- 
sequent to the maximum period of cold, that they mark a period during which the 
winter tempemture was gradually becoming less rigorous, and that the excavation of 

* The varioTis mean temperatures are from Dove’s valuable Tables, Reports of Brit. Assoc, for 1847. 

t Bull, de la Soc. Geol, 2nd series, vol. ii. p. 683 (1845). 
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the valleys proceeded with greater energy in consequence of successive mcrements in 
the mean annual temperature of each succeeding year, let us consider what other 
effects might have resulted from the operation of these causes. 

The mean annual rainfall of the South-east of England and the North of France is 
24 inches. The chief fall is in autumn, and the greater portion of it is carried off as it 
falls ; and there is rarely any large accumulation of winter snow. This fall is so small 
that it requires but a moderate excess in the fall of any one period of the year to 
produce floods which cover the whole breadth of the present valley-channels. It 
was a fall of only 3f inches* in the twenty-four hours that caused the disastrous floods 
of Morayshire and Aberdeenshire in 1829. Amongst the other remarkable facts con- 
nected with that event, Sir T. Dick LAUDEKf states that at Invercauid the small river 
Dee rose 14^ feet above the usual level, and spread 400 yards wide. 'A tributary stream 
cut away 6000 square yards of gravel, and spread the debris over thirty acres of land. 
Lower down, at Maryfield, the Dee rose 25 feet above its ordinaiy level. At Park the 
rise was 13 feet, and the breadth of the inundation not less than half a mileij;. At 
Murtle the river changed its channel from one side of the valley to the other, and acres 
of land were covered with gravel brought down from the upper parts of the river. The 
Findhorn rose in one place 50 feet, and in another place cut “ a new channel for itself 
for at least a quarter of a mile'’>J. Although, owing to the difference in the geological 
nature of the ground, the effects of such an exceptional rainfall in the south of England 
would be less than in Morayshire, it would not require any extravagant addition to the 
small rainfall of the present day to increase both the permanent volume and the floods 
of our rivers to the extent even of producing inundations more of the character of those 
indicated (at page 276) by the position of the brick-earth, or of those of arctic regions. 
Such a result might have been formerly obtained, 1st, by a direct increase in the 
rainfall ; 2ndly, by the accumulation and rapid melting of the winter snow ; or by the 
two causes combined ; and 3rdly, by the fall of rain in the spring while the ground was 
in a frozen state |1 . 

The line of 35 inches rainfall now touches the north-western point of France, the 
western point of England, and the south-western part of Ireland. An advance inland 
of this line, arising from the greater precipitation determined by the low temperature 
of the land surface, would result from a general winter covering of snow — the accom- 
paniment of a climate of the character we have inferred. It may be objected that, 
judging from the fact of the decrease generally observed in the rainfall in proceeding 

^ Sir Dick Lakdee considers, howeyer, that the fall may have been greater amongst the Mils at a distance 
(jf twenty to fifty miles, but we are without information on this point. The rain for the month was 7-36 inches 
at Huntley, and inches at Inverness. 

t An Account of the great floods of August 1829, in the province of Moray, Ac., 2nd edit. p. 372. 

Ibid. pp. 390, 391, § Ibid. pp. 38 and 104. 

i This is of rare occurrence in this country, but when it does happen it leads to disastrous floods. Mr, 
Evans informs me that the only occasion on which the vaUey of the Gade is flooded is when min falls after a 
evere winter before the ground is thawed. 
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from the tropics to the Arctic zone (it being but 17 inches at St. Petersburg*, and 76 
inches at the tropics), we might expect the rainfall to have been less, rather than 
greater than at present, in the subglacial period. But in cases, whatever the latitude, 
where we have cold surfaces presented to vapour-laden sea-winds, as in the mountainous 
districts of the north-west of Spain, in our own lake districts, and in Scan(lma\ia, we 
find a very heavy rainfall, it being 82 inches at Bergen and 104 inches in Westmoreland. 
At Sitka also, in lat. 57° N., the rainfall is almost constant. 

But even if a greater rainfall be problematical, a greater concentration of it cannot 
be so considered : it would follow as a necessary consequence of the low winter tem- 
perature. Sir B. Murchison f, speaking of the appearance of part of Eussia in the 
spring time, makes the following apposite remark : “ The enormous volume of water, 
by which large portions of the surface are still covered at every annual melting of the 
snows, can scarcely be imagined except by those who have travelled (we may say sailed) 
over some of the central and southern countries in the spring season, when to the eye 
of the geologist the lands seem to be emerging like isles and promontories on all sides 
from beneath the waters. It is then that each broad valley is, for six weeks or more, 
in a condition similar to that which we can imagine to have been the state of England. 
France, and other countries, when theii* streams, instead of occupying their present 
beds, were lake rivers or estuaries of great width, wherein many of the old gravel and 
sand banks of geologists were accumulated, and in which the bones of extinct mammals 
are found. The height of the winters during this annual inundation can indeed be 
exactly read oif wherever any great stream has rocky banks. In gorges w^e have 
occasionally noted the spring high-water mark as having been 40 feet above the dry 
summer level.'’ 

A very similar observation is made by Baron W rangell J, who says, “ the overflowing 
of many of the rivers on either side of the Ural Chain impeded our journey, but made 
us amends by the variety which was thus given to the landscape — the valleys being all 
changed into lakes, and the rising grounds forming green islands.” This happens in a 
country where the rainfall is very small. It is still less in Siberia. Many cases in point 
ai‘e mentioned by the same author in speaking of the rivers of the latter country, 
and he remarks that the “ overflowings of the rivers take place more or less every 
year;” that ‘‘on the 22nd of May the ice, which had covered tlie river for 259 days, 
broke up. On the 26th the usual inundation followed, forcing us to take refuge with 
all our goods on the flat roofs of the houses, there to await the termination of the 
flood.” 

Travellers in the Arctic regions of America make the same remarks ; but I need not 
here multiply cases, as the fact is well known, and can be readily observed in most 

* Tlie Scandiiiaviaii range of mountains diminish the rainfall over a considerable part of north-western 
Europe by freeing the warm and damp westerly winds of their moisture. 

t The Geology of Eussia in Europe and the Fral Mountains; London, lS4it, p. 572, 

X Narrative of an Expedition to the Polar Sea; edited by Greiieral Sabixe: 2nd edit. pp. 5, G3, & 25b. 
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mountain districts. What I wish to point out is the probability of the continumic^ of 
severe cold during the period when the high-level gravels were in course of formation, 
with, at the same time, a concurrent gradual amelioration of the climate, accompanied 
possibly by a greater rainfall, and certainly by great spring floods. 

I have before shown how impossible it would be for the present rivers, even during 
their greatest floods, to attain a height at all approaching to the level of the high-level 
gravels ; but, taking the additional discharge resulting only from this melting of the snow, 
independently of any larger rainfall, the floods must formerly have been far greater 
than those of the same districts in the present day, and have given to the rivers for a 
portion of the year a torrential character. That the water-supply was adequate to fill 
at times the broad and shallow old channels is evident from the facts and is borne out 
by calculation. The Waveney waters may, even now, when the valley is flooded, give a 
sectional area of, say 1400 square feet. To fill the channel of the old river, supposing 
it to be on the level and of the width of the high-level gravels, would have only 
required a volume of water of a sectional area not exceeding 7000 feet, or five times 
as large. So with the Ouse, the measure, with the valley flooded, may be 4000 feet 
for the present river, and 20,000 feet for the old postpliocene river ; for the Somme of 
to-day 3000 feet, and for the old river 16,000 feet ; and for the Seine 8000 feet now, 
and 36,000 feet formerly. These are merely rough approximate estimates. They will 
serve, however, to show that to fill the old channels, before the excavation of the exist- 
ing valleys, to their entire breadth, would not have required more than, if so much as, 
four or five times as much water as now flows during floods ; but it must be remem- 
bered that the normal condition of these quaternary rivers would be like that of rivers 
of the present day that are subject to heavy periodical floods and have large and wide 
channels, small portions only of which are filled by the river during a great part of the 
year, — dry sand and shingle banks then occupying the larger portion of the area. A 
supply in fact very little if any larger than that drained ofl* by the existing rivers might 
have occupied the comparatively dry channels during the dry season, whilst these old 
channels would be filled to overflowing during the melting of the snow in spring, inde- 
pendently of any excess of rainfall, and be subject to periodical floods and inundations, 
such as now are of annual occurrence in Arctic countries, when the waters rise 40 to 
50 feet or more above their ordinary level*. 

Although I can conceive that, granting an indefinite length of time, the wearing 
power of torrential rivers might effect considerable erosions, we shall find that other 
causes have assisted to produce the immense valley-excavations we are now contem- 
plating. For, if the period is assumed to have been one of severe winter cold, we must 
follow out the consequences of that assumption, not only with regard to. the floods 
following upon the winter snows, but in all its collateral bearings. 

The efiect of the freezing of the rivers and the transport by ice of the boulders, 
gravel, and organic remains lying on the shores, has already been discussed. In addi- 
* The periodical rains of tropical eonntries produce a somewhat similar but smdler result. 
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tion, however, to the ice so formed, observations of late years have shown that a very 
considerable formation of ice takes place along the beds of certain rivers, especially 
when those beds are stony and gravelly. In these climates we rarely have the opportunity 
of observing this phenomenon on a large scale, although, from a few facts 'noticed, it 
appears even here to be far more common than has been supposed. 

That this agent is one of considerable power in producing changes of the character 
we are referring to, is evident from the facts recorded by Aeago *, and the experiments 
made by M. LECLERCQf at liege, and by Colonel Jackson in Russia. These observers 
show that most running streams give rise, under certain conditions, on the setting in of 
winter, to the formation of ground-ice. In the first place the whole body of water be- 
comes reduced, by intermixture caused by the flow of the river, to a uniform temperature 
of 32°. Any pointed surfaces in the bed of the river then determine, as is the case with 
a saturated saline solution, a sort of crystallization, needles of ice being formed, which 
gradually extend from point to point and envelope the substances with which they are 
in contact. By this means the whole surface of a gravelly river-bed may become coated 
with ice, which on a change of temperature, or of atmospheric pressure, or on acquiring 
certain dimensions, rises to the surface, bringing with it all the loose materials to 
which it adhered. 

According to M. Lecleecq, whose observations were made in the winters of 1840 and 
1841, when the mean temperature of the end of December was 12° Fahr., ground-ice is 
formed in a current of 3*60 feet per second on the fifth day; and with a current of 9*52 
feet to 11*58 feet, on the ninth to the eleventh day. The greatest depth at which he 
observed the formation of ground-ice was not quite 4 feet, and the greatest thickness the 
ice attained was 2*63 feet. At one time he found the river-bed, for a length of a mile, 
covered with lumps of ice, ‘‘which became detached from time to time, in angular 
masses of a metre square, and carried away pebbles and stones, which after a time 
became detached and fell on the beds over which they were carried.” The conclusions 
at which M. Lecleecq arrived were — 

“ 1st That the ice is formed under water so much the more as the cold is the more 
intense and the sky is the clearer.” “ 2nd. That the ice under water gains in thickness 
so much the more as the current is less swift.” 

He also observed that a bed of fine clay and gravel gave rise to no ice, and that “ the 
bed best suited to produce it was one formed of pebbles of considerable size,” 

Colonel Jackson $ experimented on the Neva, which at St. Petersburg is about 1500 
feet broad and in places 50 feet deep, and moves with a velocity of about 2| miles per 
hour. It is frozen during five months in the winter, and the surface-ice attains a thick- 

♦ Stit les gla§onB que les rivieres charrieEt en hiver,” Annuaire du Bureau des Longitudes pour 1 .^33, p. 244. 

+ “ Sur la formation de la glace dans les eaux courantes,’’ Mem. eouronnes par TAcad. de Bruxelles, t. iriii. 
1845. 

4! “ On the Congelation of the Neva at St. Petersbuig, and Temperature of its waters when covered bv ice,' 
Journal of the Eoyal Geographical Society, pp. 2, 7 <fe 13, vol. v. 1835. 
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ness of 3| feet. He found the temperature at top and bottom not to vary one-sixth of 
a degree*, and that a “flaky congelation” forms in immediate contact with the bed of 
the river and “ becomes gradually transformed into solid ice, which, if not thawed in 
the spring at the bottom itself, gets detached and rises to the surface.” In noticing a 
paper by Dr. Plott, he observes “ that the flakes of ice which rise from the bottom of 
the Angara (in Siberia) often bring up in like manner large stones.” 

In a subsequent memoir f Colonel Jackson translates some interesting observations 
made in Siberia by M. Weitz, superior oflScer of the Mining Corps. They are not so 
exact as the observations of M. Leclercq, but they are so important, as showing the 
effects of such an agent under more favourable conditions of temperature, that I give 
the greater part of the extract. M. Weitz remarks that “ the great transparency of these 
rivers (of the North of Siberia) enables us to see clearly what is at the bottom. At a 
depth of 14 feet and more one might see the ice formed at the bottom, whose greenish 

tinge gave it an appearance somewhat similar to that of patches of the confervoidese 

It frequently happens that these pieces in rising from the bottom bring up with them 

sand and stones, which are thus transported by the current When the thaw sets 

in, the ice becoming rotten, lets fall the gravel and stones in places far distant from those 

whence they came So long as the congealed masses continue small with regard to 

the volume of the water immediately above them, they adhere as if rooted to the bottom ; 
but when by degrees they increase in bulk, the difference in their specific gra\'ity 
operates to overcome their adhesion to the bottom, and they rise, bringing with them, 
as we have said, such gravel and stones as we find attached to them, whence we may 
conclude that not only does the current occasion a change in the bed of the river by its 
erosion of the looser soil which it carries from one place to depose in another, but that 
the ice which forms at the bottom of rapid rivers in very cold countries, tends also to 
effect a change in the beds of those rivers.” 

Colonel Jackson, it is true, thinks thatM. Weitz attributes too much influence to the 
bottom-ice in effecting changes in the beds of the rivers ; but the Neva, where Colonel 
Jackson’s owm observations were made, is a deep muddy-bedded river, offering precisely 
the least favourable conditions for the formation of ground-ice. 

The interesting narrative of Baron Wrangell contains amongst much important 
scientific observation the following remarks : — “ In the Anini, as well as in all the more 
rapid and rocky streams of this district, the formation of ice takes place in two different 
manners : a thin crust spreads itself along the banks and over the smaller bays where 
the current is least rapid ; but the greater part is formed in the bed of the river, in the 
hollow^s amongst the stones, w^here the w^eeds give it the appearance of a greenish mud. 

* Colonel jACKsoif found that the water at the bottom of the river was generally a fraction of a degree (^) 
above freezing-point when congelation commenced, an observation since confirmed by Mr. Adie in a recent 
communication to the Chemical Society (Proc. vol. xv. p. 90). 

t “ On Ground -ice in the Siberian Rivers/’ Journal of the Eoyal Geograptdoal Society, p. 417-18, vol. vi. 
1836. 
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As soon as a piece of ice of this kind attains a certain size, it is detached from the 
ground and raised to the surface by the greater specific gravity of the water; these 
masses, containing a quantity of gravel and weeds, unite and consolidate, and in a few 
hours the river becomes passable in sledges instead of in boats” (p. 202). ^ 

These, and similar observations made in northern America, estabhsh the elficacy of ice 
in transporting no inconsiderable quantity of shingle along the beds of rivers, and show 
that it tends both to shift the shoals and to deepen the channels. The conditions of the 
old postpliocene rivers were precisely such as to favour this formation of ground-ice ; for, 
without exception, the old alluviums are composed of coarse subangular shingle with 
but little sand, and very rarely with any subordinate seams of clay. 

These two agents, floods and ground-ice, would aflect chiefly the river-channel. 
There is another agency which would co-operate in that direction, but would aflect more 
especially the banks and shores of the river ; that is, the freezing of the ground and the 
rending of rocks by great cold. The power of this agent is well known ; I will there- 
fore confine myself to a few observ'ations bearing upon our particular case. Cbantz 
speaks of the talus of debris at the foot of the hills in Greenland as looking “like a 
demolished city,” and says that some of “ the lesser hills or ledges of rock are still more 
subject to breaking, and many of them grow so rotten and brittle with age that they are 
pulverized by the air Sir John RicHABDSONf says that near Cape Krusenstem “ the 
whole surface is covered with thin pieces of limestone.” “ I should infer that the 
frost splits off the layers and breaks them up more effectively than any agent to 
which rocks are exposed in wanner climates.” The same thing occurs at Point Keats; 
whilst of the limestone cliffs on Lake Winipeg he says, “ Under the action of frost 
the thin horizontal beds of this stone split up, crevices are formed perpendicularly, large 
blocks are detached, and the cliff is rapidly overthrown, soon becoming masked by its own 
ruins. In a season or two the slabs break into small fragments,” which go to form the 
beach. 

Dr. Sutherland J, in describing the effects of a still colder climate, with reference to 
the great talus generally found at the base of the cliffs in the Arctic regions says, 
“ Strong and bold as this coast may appear to be, and bidding defiance to assault in all 
directions, time, with its invisible agent, heat alternating with cold, assisted only by 
water, saps its foundations, and runs mines into its lofty citadels ; and the result of this 
action is an increasing heap of rubbish, upon which the same agents are still exerting 
their irresistible power, reducing to splinters and small fragments, and ultimately to a 
fine powder, liable to be washed or blown into the sea, what had been set free in masses 
of more than a ton weight.” 

In Siberia the same phenomenon is often alluded to by Baron Wrangell 

* History of Greenland, vol. i, p. 53 : London, 1767. 

t Seareldng Expedition, vol. i. pp. 295, 281, & 65. 

^ Jonmal of a Voyage in Baffin’s Bay and Barrow Straits, vol. i. p. 286 : London, 1852. 

§ Op. nt. pp. 193, 374. 
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In our country the effect of frost on freshly exposed pei'pendicular surfaces of chalk, 
sandstone, and oolites is very marked. The former especially disintegrates very rapidly. 
I have seen a low cliff of chalk 15 feet high form a talus at its foot, in the course of one 
ordinary winter, 6 feet broad by 6 feet high. The wetter the ground the greater, neces- 
sarily, are the effects of the frost ; so, as we assume in our hypothesis that the excavation 
of C (%. 18, p. 298) was effected by the removal of successive layers (c'-c*), commencii^ 
with the one at the base of D, each layer, when first uncovered, having been at or near 
the level occupied by the river, must have been at or near the line of general water-level 
or of springs, and therefore more largely and constantly charged with moisture than 
the same strata on higher ground, and such surfaces consequently presented conditions 
the most favourable for the operation of frost. 

Sir R MiTECHisoif gives some very illustrative instances of what he appropriately terms 
recent “ flurio-glacial action.” Amongst others, in speaking of the Dwina, about sixty- 
four miles above Archangel, where it flows over a white limestone in horizontal layers, 
he remarks, “ About 30 feet above the summer level of the stream, the terrace on the 
river-side is covered for two or three versts by a band of in-egularly piled loose and large 

angular blocks of the same limestone, arranged in a long uniform ledge In other 

words, these materials (all purely local) constitute a broken ridge of stones between the 

road and high-water mark When the Dwina is at its maximum height, the water, 

which then covers the edges of the thin beds of horizontal limestone, penetrates into 
its chinks, and when frozen and expanded, causes considerable disruptions of the rock, 
and the consequent entanglement of stony fi’agments in the ice. In the spring the 
fresh swollen stream inundates its banks (here very shelving), and upon occasions of 
remarkable floods so expands that in bursting it throws up its icy fragments 15 or 20 
feet above the highest level of the streann The waters subsiding, these lateral ice-heaps 
melt away and leave upon the bank the rifted and angular blocks as evidence of the 
highest ice-mark Dr, Bigsbt also gives a section in illustration of a like case on the 
banks of the Ottawa river f. 

Besides the ordinary eroding power of running water, we have had therefore three 
main causes in operation in those regions at the period under consideration: viz., 1. the 
taking-up of the shingle and boulders along the sides of the rivers by the shore-ice, 
and its transport thereby to points lower down the river ; 2. the action of the ice forming 
on the bottom of the rivers, and lifting, as it rose to the surface, shingle and boulders 
from the river-bed and carrying them also to a distance down the stream ; and 3. the 
rending and disintegration of the rocks by frost. The districts traversed by the rivers 
whose courses have been described are peculiarly favourable for the operation of these 
causes, being formed essentially of sands, chalk, soft sandstones, and fissile limestones ; 
not that the harder rocks do not yield to the influence of the same causes, but that 
the others are more readily and quickly affected. 

'The combined operation of these causes is visible in many of the rivers of Kussia at 

* The Geology of Russia, &c., pp. 566, 567. t Quart, Journ. Geol, Boc. vd. vdi. p. 235. 
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the present day ; but it is proceeding on a grander and larger scale in the vast regions 
of Northern America, where the streams, flowing through extensive champaign countries, 
have furrowed the land with deep and precipitous channels, generally much below the 
level of the great plains they traverse* * * § . In Europe, however, the connexioli of cause 
and effect is by no means so apparent. The regularity so common in the former case is 
generally wanting in the latter, where the weathering is more excessive. 

I doubt also whether, without a change in the general level of the land, the full 
effects of the changes we are contemplating could have been produced. The excavating 
power of the rivers would, in a measure, depend upon the adjustment to be made 
between the inclination of the valley along which they flowed and the sea-level. 

The coasts of these opposite shores of England and France are fringed at places by a 
raised beach. Of this we have evidence at Sangatte near Calaisf , Brighton J, the Sussex 
coast and possibly at Havre ||. In all these places it is about 5 to 10 feet above the 
level of high water. With this beach I would correlate the estuarine bed connected 
with the low-level valley-gravels at Menchecourt. But besides this zone w^e have in each 
district the higher-level gravels fringing the river-estuaries, and sometimes the coast, at 
an elevation of from 40 to 100 feet above the raised beaches. These mark the relative 
difference of water-level at our two valley-gravel periods. It is immaterial to our inquirj’ 
whether that difference resulted solely from an elevation of the land or partly from the 
encroachment of the sea on the coast. Probably both have contributed to the result. 
A slow elevation of the land may have commenced at the high-level gravel period, 
leading to an increase in the velocity and erosive power of the rivers until a state of 
repose again obtained in the low-level gravel period. During such a change of level the 
causes which we have above alluded to, acting upon the portions of the substrata suc- 
cessively subjected to the action of the maintained water- and ice-power, gradually 
effected the excavation of those deep and broad channels forming the valleys through 
which the present comparatively insignificant rivers of these districts now find their way. 
The sharper angles produced on the river-banks by the erosion of the stream have been 
rounded off and in great measure obliterated by the action of the severe cold combined 
with the periodical floods, — operations by w^hich the exposed rock-surfaces were alter- 
nately disintegrated and denuded ; while at the same time the flood-waters in retreating 
from the higher platforms, before falling in with the main current, further grooved and 
furrowed the sides of the valleys, and, breaking the continuity of the river-teiTaces, helped 
to give our valley-sides their peculiar and varied outlines. 

The foUowdng diagram will serve to illustrate my meaning : — 

* The geological structure in both instances often greatly facilitates the operation, the country being con- 
stantly thickly covered by loose sands and gravels, offering little resistance to the erosive power of the rivere. 

t The author in Quart. Joum. Geol. Soc. vol. vii. p. 274. 

+ Majtiell, ^ Fossils of the South Downs,' p. 277, 

§ Godwif-Austek' in Quart. Joum, Geol. Soc. vol. xiii. p. 61. 
li pASST, Desc. G^l. de la Seine Inferieure, p. 84. 
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M. Or^nal level of the country at the time of the formation of the high-level gravel d' d'. 

W. Present level of the country, with the remaining portions of the high-level gravel d d. 

M M'. Supposed extent of elevation between the two periods. The dotted lines mark portions of the substrata 
successively raised to the level d, and consecutively removed by the denuding action, the total amount 
of denudation being represented by C (or the space embraced between d and e*). d to d may represent 
any thickness of strata; the rate of elevation from M to M' may have been continuous or interrupted or 
partial, and the extent of elevation variable in different districts. According to any variability in the rate of 
elevation, to intervals of repose, or to deflections in the flow and velocity of the river, so there may exist 
intermediate termces or levels, sudden variations in the slopes, and gravels lodged on different levels. As 
these not unfrequently occur, they often add much to the complexity of the problem. 

§ 7. THE aPESTION OP TIME AND SUCCESSION. 

In looking back at the subjects we have discussed, we are forcibly reminded of our 
dependence on the value of probabilities. On various points geology has not at present, 
and probably never will have, any other means of inference. All that can be done to 
give weight to our argument is to multiply probabilities, and by attending to the general 
concordance to reduce to the minimum the chances of error. The difficulty of one 
branch of the inquiry is considerably increased by the circumstance that the recent 
researches of naturalists tend for the present to give less security to any argument 
founded upon analogy of past with recent life. The case of the adaptation of the large 
extinct Pachyderms to a rigorous northern climate has long since deprived the remains 
of such genera of any weight with reference to the climatal conditions of past periods. 
It has now further become a question with some distinguished naturalists whether even 
the distribution of recent species is originally dependent on the influence of climate — 
whether the existence of certain kinds of food, the presence or absence of certain other 
animals, may not have been amongst the causes regulating the range of the animals. 
It is certain that the experience gained of late years of the facility of acclimatization 
indicates the necessity of caution. Nevertheless, in the absence at present of sufficient 
data with regard to this power of adaptation, we can only in the mean time rely on the 
evidence furnished by recent life so far as it regards species of known habits and range, 
provided especially it he supported by independent collateral proof. 

I will now proceed to make a few remarks on the question of time. We have to look 
at it both with reference to geological time, or the order of succession, which is merely 
relative, and to that which in the present instance more concerns this particular 
inquiry — the actual date of the existences and changes under consideration. With 
regard to geological time, I have before shown that the period is subsequent to that of 
the Boulder Clay — consequently to that of the great extension of the European glaciers 
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— ^and that it may be brought down to the time when our valleys and plains began to 
receive their ti^quil and inequality-levelling deposits of silt and peat, and the modem 
order of things commenced. 

To estimate the time to which we have to carry back the high-level gravels, we have 
to consider what may have been the duration of their accumulation, and that of the 
subsequent excavation of the valleys with the resulting low-level gravels*. A difficulty 
here meets us at the onset The accumulation of sand, gravel, and shingle along the 
course of rivers is so irregular (sometimes very rapid, at other times slow, what is done 
one year being undone another) that we are entirely without even the few data by which 
we are approximately guided in ordinary sedimentary strata. The thickness of the 
deposits affords no criterion of the time required for their accumulation. They rarely 
exceed 20 feet, and are more frequently not above 10 to 12 feet thick. It is well known 
that recent inundations have covered valleys with sand and gravel to the depth in places 
of 4, 6, or even 10 feet in the course of a few days ; and therefore there are no h^h-level 
gravels which, so far as thickness is concerned, might not have been deposited in the 
course of a few weeks or even a few days. But the evidence of time lies in their length, 
breadth, and extent, — in the life existences of the period, — and in the physical changes 
in progress, such, for example, as the subsequent valley-excavation, and the wide 
distribution of the resulting debris. There is also another phenomenon connected 
with this period which 1 would point out as containing some elements for an approxi- 
mate estimate of the duration of time. We have as yet no data to judge of the rate 
of progress of the operation ; but it is one which admits, to a certain extent, of time- 
measurement, and may hereafter, perhaps, be employed with some chance of success. 
At present it will merely serve to give us some idea of the time employed ; but that even 
is a step gained. I allude to those cylindrical perforations in calcareous strata filled by 
the sand and gravel beds overlying or foimerly overlying them. These are of various 
dates, but a large proportion of them commenced, 1 believe, with the high-level 
gravel period, or with that of the gravel which immediately preceded it. 

These cylindrical and funnel-shaped holes, or giavel and sand pipes as they are 
termed, vary usually from 5 to 50 feet in depth and 1 to 10 feet in width, though they 
are sometimes much larger. I have seen traces of them in the chalk skirting the S.E. 
side of the hill of St. Acheul. Near Picquigny, on the road from Amiens to Abbe\ille, 
there is an escarpment of the chalk in which there are the remains of several gravel 
(high-level) pipes from 10 to 20 feet in depth. Others are to be seen near Mareuil, and 
again near Yonval; the gravel itself in most of these cases has been denuded from the 
surface, and remnants only preserved in these natural funnels. The outlier of high-level 
gravel on the hill above Mautort presents a section of one measuring 15 feet in diameter, 
but the depth is not shown. The most remarkable instance that has come under my 

* I am speaking now of the postpliocene valleys. Where the land, as in Auvergne, was earlier raised above 
the sea, we may have valley gravek going back to pliocene, or miocene periods, and continued in uniuterinpted 
succession to the recent period. 
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notice is at Drucat, near Abbeville, and which I take to belong to the high-level gravel 
period. This outlying mass of sand and gravel is in a depression of the chalk, which 
probably accounts for its preservation; at the bottom of the depression there was 
exposed on the occasion of my first visit a deep circular shaft in the underlying chalk 22 
feet in diameter at the top and 18 feet at the depth of 30 feet, to which extmit the sand 
and gravel had been cleared out. The prolongation of this great natural excavation in 
the chalk probably reaches a depth of at least 100 feet. A number of these sand pipes 
underlie this quaternary outlier, but I saw no others of the dimensions of this one. 

These pipes are not filled up indiscriminately, as if they had been formed first and 
subsequently filled up, but they show, as usual, a succession of concentric and conti- 
nuous vertical layers, following the encircling surface of chalk and enclosing a core 
distinct from the outer coats. Further, where the beds of sand and gravel are undis- 
turbed and in their horizontal position, it is found that the core of the pipe always 
subtends from the uppermost bed or seam of gravel or sand, or not unfrequently from 
the superincumbent Loess, which proves that the superincumbent beds were deposited 
before the excavation of the pipes, and that they were lowered into them by the gradual 
removal of the chalk. These excavations have been refen*ed to various causes, of which 
I consider the action of carbonic acid held in water as the only one possible*. It is 
evident that to have an excavation of this sort we must have the slow and constant 
passage of water. If the line of water-le\el in the chalk had remained permanently 
near the level of the high-level gravels, this prolonged downward action could not have 
occurred. The water-line, although at first necessarily on that level, must, as the exca- 
vation of the valley proceeded, have gradually been lowered 50 to 100 feet or more; so 
that the surface-water collected in these beds of sand and gravel, left standing above 
the base of the gradually deepening valleys, would, in draining off, have to pa^ down, 
along the lines of least resistance, through a successively increasing depth of chalk, 
before it met with the line of permanent water-level into which it w’^onld merge. The 
gradual and constant operation of this percolation of water through definite lines in the 
chalk, from the first emergence of the high-level gravels above the old river-bed and 
continued in the same channels down to the time of the lower valley-gravel, resulted in 
eroding these perpendicular shafts or funnels, into which, as the excavation proceeded, 
the overlying gravel and sand coordiuateiy subsided, while the Loess of the periodical 
floods continuously tended to level the resulting inequalities of surface. The process 
must necessarily have been extremely slow. That these pipes are connected with a 
former state of things and not with the present, is shown by there being now no indi- 
cation of their presence on the surface of the ground f . 

* See a paper by Sir ChaeIiEs Lyeil in Phil. Mag. 3rd ser. vol, xv. p. 257, and another bj the author in 
Quart. Joum. Oeol. Soc. vol. xi. p. 64. 

t This in some cases may arise from the cultivation of the surface. In a few favourable localities a slight 
action of this sort would still, however, appear to he going on, if we may judge from an occasional sinking or 
giving way of the ground. 
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The next possible standard of measure is the time required for the excavation of the 
valleys themselves. I have already described the agents which probably cooperated in 
this gigantic operation. That it must have been one of great time there can be no. 
doubt ; but the like operations at present in progress by no means fiimish US' with the 
gauge of the rate of the denuding action. In considering this point there is, besides 
the greater floods and severer cold, another element which must not be overlooked. 
This is the varying solvent power of spring- and river-waters. This there is reason to 
suppose may be greater in cold than in temperate climates, for Agassiz has shown 
that fallen snow holds excessive proportions of air in combination; so that, during 
inundations resulting from the melting of snow in spring, the flood-waters becoming 
loaded with soil and vegetable matter must necessarily have presented conditions 
favourable for generating carbonic acid in large quantities, with which the ice-cold 
waters would become h%hly charged. Thus the solution, both of the calcareous beds 
forming the river-channel and of the strata perforated by the gravel and sand pipes 
just alluded to, may have been accelerated much beyond any effects now observnble in 
these districts from the present action of ordinary spring- and river-waters. 

An indication of time-measurement, which has been often referred to in relation 
both to the lapse of time and its late date, is the formation or excavation of the 
British Channel between the South-east of England and the opposite coast of France. 
The grounds on which it has been inferred are, the identity of the strata on the two 
sides of the channel, and the community of the fauna and flora. This to a certain 
and great extent is true, and there can be no doubt that the severance of the two 
countries took place at a comparatively late geological period ; but that it was the last 
change of all I am not prepared to admit. In fact the question has been treated in its 
immediate application in a manner purely hypothetical. The geological evidence of the 
substrata has been constantly had in riew, whilst that of the superficial postpliocene 
beds, which relate directly to the period under consideration, has not been attended to. 

Whether or not there may have been a break between the two countries at the high- 
level valley-gravel period I could not say with certainty. We have evidence of these 
beds occupying, on or near the coast-line, a level of from 50 to 100 feet above the sea 
on both sides of the channel. This may arise from the sea encroaching on the land 
and so intersecting, at var3^'ing distances from the old line of coast, the planes of the 
old river-channels — which, like the present river-beds, necessarily slope from certain 
heights inland to the sea-level,- — or from an elevation of the land. The evidence, pro- 
bably, is in favour of the operation of both causes. The difference of height between 
the fossiliferous high-level grav'^els at Amiens and at Abbeville is 60 feet. This is in a 
distance of 28 miles. If we prolonged these beds at Abbeville, where they are 96 feet 
above the sea, on the same plane sea-ward, they would reach the level of the sea at a 
distance of 45 miles below Abbeville, or 29 miles beyond the present coast-line. Tht' 
same measurements applied to the high-level gravels of our own coast give nearly similar 
results. If this be correct, a sea-channel, although very contracted, may then possibly 
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have existed between the two countries ; but as the raised beaches of later date prove 
an elevation of the land subsequent to the period of the high-level gravels, the old 
channel must have been larger in the proportion of the difference of level so produced 
to the difference which would have resulted from the wear of the land alone. That 
the elevation of the Wealden area had taken place before this period is proved by the 
occurrence of high-level gravels vrithin its limits (see Map, Plate IV.), whilst the hydro- 
graphical conditions of the whole area show that those deposits hold the same relative 
position to the adjacent coast in one part as in another; whence I should infer both 
a widening of the sea-channel, and a former somewhat greater extent of land. 

With reference to the condition of things at the time of the low-level gravels the 
evidence is more positive. We have old cliffs running nearly parallel with the present 
line of coast, and estuarine deposits in position nearly coincident with the like 
modern deposits. There are the old cliffs and raised beach at Brighton on the one side 
of the channel, and those at Sangatte, near Calais, on the other, while the deposits 
near Ha\Te, Abbe\dlle, and on the Stour, near Canterbury, furnish us with examples of 
estuarine beds of this late postpliocene age. On a coast so exposed to the action of the 
sea, and with cliffs constantly though slowly yielding to its incessant action, it is not to be 
expected that traces of old raised beaches should be preserved, except at a few sheltered 
spots. These we have at places so closely allied to the present contour of coast — 
showing, too, old cliffs forming, like the present range of cliffs, bold escarpments to an 
old sea — that although I conceive the channel to have been considerably widened since 
then, I am satisfied that it existed at the time of the low-level gravels, whatever doubt 
there may be of its prior existence. There is no palmontological objection to this view, 
inasmuch as the land and freshwater Mollusca had spread over this country at an anterior 
period ; the greater bulk of them had in fact made their appearance in this country 
previous to the Boulder Clay, and many at the period of the Crag. A nearly similar 
observation applies, with few exceptions, to the Mammalia. With a climate, however, 
such as we have inferred, and with a channel of less breadth than the present one, the 
sea between the two lands might have been frozen every winter and have allowed of the 
passage of man and large animals, as happens at this day in latitude 52° at the island 
of Saghaleen, where the strait between it and the adjacent mainland is frozen every 
winter for a period of some months*. 

Nor are we entirely without evidence, although very slight, derived from the land 
Mollusca, of the existence at this latter period of a barrier impassable to them. There 
are two species, the PomaticLs obscums and Claudlia plicatula^ Drap., living French 
shells, both of which I have found fossil at Menchecourt, but which are not known 
either living or fossil in England. 

All these phenomena indicate long periods of time. I do not, however, feel that we 
are yet in a position to measure that time, or even to make an approximate estimate 

* On the east coast of Saghaleen the sea freezes every winter as far as the eye can reach. Occasionally the 
Tiger crosses over to that island. — Ratensteik's ‘ Amur,’ pp. 284 & 320. 
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respecting it. That we must greatly extend our present chronology with respect to the 
first existence of man appears inevitable ; but that we should count by hundreds of 
thousands of years is, I am convinced, in the present state of the inquiry, unsafe and 
premature. ‘ 

Nevertheless, just as, though ignorant of the precise, height and size of a mountain- 
range seen in the distance, we need not wait for trigonometrical measurements to feel 
satisfied in our own minds of the magnitude of the distant peaks, so with this geological 
epoch, we see and know enough of it to feel how distant it is from our time, and yet 
we are not in a position at present to solve with accuracy the curious and interesting 
problem of its precise age. 

Before leaving this subject I would direct attention to one other condition connected 
with this later division of the glacial period, which possibly may eventually afford an 
additional clue towards the solution of this important time-question. Here, again, we 
have not at present aU the data we require, but we have enough to show the possibility 
of obtaining from this source some elements for more exact calculations. 

In conducting experiments upon the temperature of the crust of the earth, it is well 
known that, after passing the limits of the line of mean annual temperature, there is a 
gradual increase of TFahr. for ever}* 60 feet, nearly, of additional depth. But the rule 
is by no means constant, the rate of increase being subject to fluctuations and variations 
for which no sufficient reason has been assigned. Is it not possible that these dis- 
turbances may arise from differences between the former (glacial) and the present (tem- 
perate) temperature of the place, combined with the variable conductivity of the strata ^ 
Let us, for example, take a place like Yakutsk in Siberia, where the ground is per- 
petually frozen to a depth of 382 feet — the depth, therefore, at that place of the line 
of 32°. To reach a heat of 53°, the invariable constant under the Observatory of Paris 
at a depth of 90 feet, we should have to sink at Yakutsk (taking, as a mean, an increase 
of 1° for every 60 feet) to a depth of 382 -f (21 X 60), or 1642 feet, before reaching the 
same isothermal plane. If, from any circumstances connected with geological changes, 
we could suppose the mean temperature of Yakutsk to be raised to that of this part of 
Europe, the isothermal plane of 53° would tend to take a vertical range upwards of 
1642—90=1552 feet. In a perfectly homogeneous mass, and all conditions equal, this 
plane would tmvel at all parts in equal times, or would move in lines parallel with the 
original position it held ; but as such uniformity over large areas never obtains, and the 
strata which it would have to pass through must differ materially in conductivity of 
heat, it follows that the isothermal planes would, in different places, travel with different 
velocities, and, until adjusted by lapse of time, aberrations in the increment of heat at 
different depths must exist. I apprehend that a very long period of time would also 
elapse before an equilibrium in accordance with the changed mean temperature of the 
place could be established in each successive zone of depth. 

Now if we apply this hypothetical case to these parts of Europe, the question I would 
suggest is if it might not be possible to determine, by calculations founded upon suffi- 

MDCCCLXIV. 2 T 
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cient data, whether any of the perturbations in the increment of heat at diiferent places 
and depths within this area may not be due to the circumstance of a very much lower 
temperature having prevailed here at an antecedent period*; and whether, if so, the 
date of that period (taking that of the extreme glacial cold) could not be fixed within 
a certain limit, by the application to this investigation of the known laws regulating 
the transmission of heat through solid bodies. 

The uninterrupted succession of life from this postpliocene period to our own time 
cannot fail to have been noticed in the course of this inquiry — a succession so large and 
so important, that it is not possible to contemplate the occurrence of any intervening 
catastrophe of such a nature as to destroy the life of the period, and seek for an expla- 
nation of its return by immigration from adjoining districts. Apparent even as the 
connexion is in the limited ground we have studied, it is infinitely stronger when the 
whole series of pliocene and postpliocene deposits comes under review. Even in the 
aspect here presented the conclusion is inevitable, that no general cause has led to the 
extinction of life over this part of Europe at any recent geological period. There have 
been great river-floods and great changes, but no interruption in the succession of life 
from the time of the great extinct mammals to our own times. There are still serious 
difficulties in the way of explaining the cause of the disappearance of so many of these 
large Mammalia ; but a sufficient number remain to attest the direct descent of a portion 
of the old faima to our day. The Reindeer, the Bos primigenms, the Aurochs, are 
amongst those which survived all the successive changes f. Why the larger Pachyderms 
should not also have survived we cannot explain, we can only admit the fact, which is 
the more remarkable from the non-extinction of other classes. The change of climatal 
conditions could scarcely have been the sole cause, as that would affect one class equally 
with the other; and besides, as the climate at this time presented no extreme character, 
they could, as the changes progressed, have found, by migration or limitation, as with 
the other animals, places still adapted to their former condition. But by far the most 
remarkable and convincing feature in the case is the transmission from the quaternary 
period of so large a proportion of the small and delicate land and freshwater shells. Not 
only are they found inhabiting the same land as formerly, but their distribution follows 
very much the same law. More than two-thirds of our recent species are found in a 
fossil state ; and when we consider that the list of living species is the result of close 
examination of numerous observers for a series of years over a large extent of country, 
whereas that of the fossils is the result of a necessarily limited search at very few 
places, where they are buried in the ground and rendered fragile by age, it is rather 
a matter of surprise that the collection should be already so large. Many of these 
mollusks will no doubt live for a time out of their element, and they might survive 

* I apprehend that some of the calculations that have been made on the earth’s temperature and refrigeration 
may also be affected by this disturbing cause. 

On this subject M, Pictet of Geneva has made some interesting observations in a paper published in the 
‘ Archives des Sciences de la BibHoth^que Universelle’ for August 1860. 
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floods and inundations which would destroy their large contemporaries, but there is 
a limit to this power. Some land mollusks are not destroyed by immersion in water for 
days, and freshwater mollusks will revive after immersion in salt winter ; but this applies 
to some species only, and with these, even, their mode of protection, although it might 
suffice for days, would not avail for a lengthened period. 

Although I may be quitting the strict limits of induction, I cannot conclude this 
paper without mentioning one impression jvhich a review of the circumstances connected 
with the subject has made upon ray mind. There is no doubt that great vicissitudes in 
the climate of any particular region may be caused by fluctuations in the isothermal 
lines resulting from changes in the relative distribution of land and w^ater. But these 
fluctuations liave a limit, which limit seems to me to have been greatly exceeded during 
the height of the glacial period. Looking at the special nature of such a remarkable 
reduction of temperature, closing as it were a vast cycle of anterior geological changes, 
and seeing its exceptional nature with reference to the general indications of higher 
temperatures which previously prevailed, I confess I feel deeply and strongly impressed 
with the probability that in this unexpected succession of changes w'e may trace evi- 
dence of great and all-wise design. If the cause were general (and there are strong 
reasons to believe that such was the case), the fact of the earth having been subjected 
to the severe and rigorous temperature of the glacial period must have led to a more 
rapid abstraction of heat from the surface than w’ould have occurred without the inter- 
vention of a cold period, establishing, as it were in anticipation, a state of equilibrium 
which might otherwise have been indefinitely defen-ed had the refrigeration been gra- 
dual and uninterrupted ; for on the removal or cessation of the refrigerating cause, 
the surface would be left in a condition to sufier for a certain period little or no further 
loss by radiation and no further contraction. The state of repose thus eflected may 
have helped to impart to the earth’s crust that stability and immobility which render 
it fit and suitable for the habitation of civilized man. 


2t2 
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Appe]st)ix. — List of the Testaceous MoUusca now liying in the South of England and 
North of France, show ing those which are found fossil in the High- and Low-level 
Valley-gravels, and their range to certain points northwards and southwards in Europe. 


Species living in the South of Eng- 

Species occurring i 

u the V'aUey-gravelB. 

Species living in Finland and 
Ix>mbardv (the Alpine dis* 

land (excepting tho^ marked in 
italics, which are found in France but 
not in England). This hst (of 110 
spades) embraces nearly all the fresh- 

England. 

j Prance. 

tricts except^). In the for- 
mer country there are 77 spe- 

High-level ? 

Low-level. 

Low-level. 

j High-level. 

cies of Testaceous MoUusca, 
and in the latter 193 species. 

the land^llsof theNSi of France. 

Bedford, 

Biddenham. 

Bedford, 
Harrowden &c 

Abbeville, 

Menchecourt. 

Amiens, 

St. Acheul. 

FinlanA 

Lombardy. 

i Fresh WATEK Bivalves. 

Anodonta anatina, Linn 

1. 

*•> 

2. 

3. 


5. 

6. 







Cyclas {Sphatriu m ) cornea, L inn 



j 




* 

* 

1 

i * 






j * 




i rivicola, Leach 









.. 






* 


* 

* 



Hitidum, Jen 










% 



roseum, JSchoItz 























tumidus, Phil 







Preshwateb U'irrvALVEs. 
Ancylus lacustris, Linn 






i 







Bythinia Leachii, Shep 

* 

* 





tentaculata, Linn 

Hydrohia nvxrginata, Mich. . . 
Limnaea auricularia, Linn. . . 
glabra, Midi 




* 



•U- 


♦ 




* 


* 










glutinosa, Mull 







paliistris, Drap. . . . 









' 




porogra. . 

— sfAgnaliSj TAfn.n . 

* 


* 

* 



fmnc.ftf.nla MriTI 


* 

* 




Keritina fluviatilis, Linn 

* 

* j 





Paludina contecta, MiiU 


1 





vivipara, Linn 








Planorhis alhns hTi'dl, 

1 

1 


* 



carinatus, MvJl 


* I 

♦ 




complaiiatus, Jjvmi 


! 


* 



onntorfns TAnn. 







corneua, TAnn. 



1 ' ’ ^ ' 




glaher, Jf^r 




. 


9 

lineatus. Walk 







N^antilena, TAwn. 







nitidns, MuU 

spirorbis, Linn. 











* 



vortex, hinn 

* 


♦ i 




Pbysa fbntiiialis, Linn 







hypnorran, Linn 







Valvate eristata. Mull 







- pisfiinalia. Midi 

# 


* 




Lastd Shells. 

Achatiiia acicula, Midi. .... 







Acme lineata, Drap. 







Azeca {Coddimpd)\didsvi&,Pult. 

Balea perversa, Linn 

BulimtaB acutus, MuU. 













montanus, Drop 







obamims 
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Species occurring in the VaHey-gravels. 

England. 

France. 

High-level ? 

Low-level. 

Low-level. | High-level. 

Bedford, 

Biddenham. 

Bedford, 
Harrotcden &e. 

Abbeville, Amiens, 

Mmcheeourt. St. Acheul. 


Specie living in the South of En^- 
limd (excepting those marked in 
italics, wMeh are found in Franc* but 
not in Engird). This list (of 110 
species) emor^jes nearly all the fresh- 
water sp^Jies and the greater part of 
the land shells of the North of France. 


Spmes living in Finland and 
Iximbardy (the Alpine dis- 
tricts ex(*pt^). In the for- 
mer country there are 77 spe- 
cies of Testaceous MoUuscia, 
and m the latjer 193 species. 


Finland. I Lombardy. 


Lanp Shells (continued). 
CaJ^chium miniinum, M'tSl. 
Clausilia biplicata, Mont. . . 

iaminata, Mont 

plicatula^ Drap. .... 

Bolphii, Gray 

rugosa, Drap 

Cyelostoma elegans, Mull . . . 

Helix aeuleata, Mull 

apieina, . ...... 

arbustoram, Linn. . . 

aspersa, Mull 

Cantiana, Mont 

caperata, Mont. .... 

Cartbusiana, MUU. . . 

concinna, Jeffr 

ericetoruni, Miill 

fruticum, Miiil 

fiilva, MUU 

fusca, Mont. 

hispida, Linn 

lapicida, Linn 

nemoralis, Linn 

obroluta, Mull . ...... 

pomatia, Linn 

pulchella, Miill 

pygmaea, Drap 

rcYelata, Mirh 

rotundata, Mtill 

rufescens, Pennant . . . 

nipestris, Stud 

sericea, Mull 

virgata, Da Costa .... 

Pomatias ohscurus 

Pupa marginata, I>rap 

ringens, Jeffr 

secale, Drap 

umbilicata, Drap 

Succinea elegans, Ris, .... 

oblonga, Drap 

putris, Linn. 

Vertigo angustior, Jeffr. . . 

antivertigo, Drap. . . 

edentula, Drap, .... 

ndnutissima, Hartm. 

pusilla, Mull 

pygmaea, Drc^ 

r substriata, Jeffr 

Vitrina pellucida, MUU. . . 

diaphana, Drap 

Zonites tdliarius. Mull 

cellarius, Mull . ...... 

crystallmus, MuU. . . 

excavatus, Bean .... 

nitidulus, Drap 

nitidus, Mull. 

purus, AM 

radiatulus, Aid. .... 

Zua lubrica, Mull. ........ 
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Explanation of the Plates. 

PLATE IV. 

The uncoloured ground-plan shows the chief geological divisions of the country. 
The coloured lines indicate the course of the debris derived from the several principal 
formations. The lines are carried through from the parent rocks to the sea; but 
it is to be observed that the debris of each of these lines becomes less and less abun- 
dant as they recede from their source, so that all traces of some of them sometimes 
nearly disappear before the end of the river-valley is reached. In places, also, the gravels 
formed by these debris meet with long interruptions, those on the higher levels especially; 
the lower-level gravels are more continuous, though they are constantly hidden by recent 
alluvia. They also vary materially in width. These more minute details are repre- 
sented for small portions of two river-valleys in Plate V. The scale of the Map 
does not admit of the delineation of the lines of debris of each valley. The chief river- 
valleys and their principal tributaries are therefore selected, but the same law of 
the occurrence of high- and low-level gravels, and of the local limitation of the various 
rock debris to the several river-basins, is applicable to all the river-valleys in the area 
comprised in the Map. The authorities for France are the se^'eral authors mentioned 
in the text, with a few observations of my own. The English part of the Map is given 
from my own personal observations. The commencement of some lines of debris is 
not unfrequently higher up the valleys than marked on the Map, or from rocks beyond 
the present range of the river. This arises from the presence of outliers of certain 
formations more or less beyond the limits of the main mass, which outliers ai’e not 
represented on the Map ; in other cases the debris are derived from secondary sources, 
like the palaeozoic, oolitic, and cretaceous debris of the Boulder Clay ; and in a few 
cases, especially in the Wealden area, they arise from the originally greater length of 
the rivers. 

PLATE Y. 

Figs. 1 & 2 show the distribution of the high- and low-level valley-gravels, and of the 
Loess in parts of the valley of the Somme adjacent to Abbeville and Amiens. 
The relative position of the high-level gravels and of the plateau Loess 
is not always quite clear. In many cases I consider the latter to be newer 
than some of the former ; but, at the same time, there is a quaternary argil- 
laceous deposit on parts of the chalk hills which I believe to be older than 
any of the valley-gravels. This is generally more removed from the river- 
valleys than shown in these plans. 

The valley-gravels are here divided into two stages only. Each stage, 
however, must be considered to represent not one exact level, but the several 
nearly allied terraces formed during a particular time. It may be assumed, 
for example, that the high-level gravels include all the terraces at heights 
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of from 90 to 150 feet above the river, and the low-level gravels those u}> 
to 30 or 40 feet above the river. In fact, no definite line can properly be 
drawn, as all the terraces are members of one series : nevertheless it is not 
only for the sake of convenience that this division is adopted; it is to a 
great extent conformable to the phenomena as they exist ; for the great bulk 
of these quaternary gravels occur, one portion on terraces at or near 100 
feet above the Somme, and another portion at or near 30 feet. The gravels 
on both levels, especially the lower one, are often covered by Loess — the low- 
level gravel being constantly buried under it and hidden, whilst both Loess 
and gravel disappear under the recent alluvium. The heights are taken in 
part from the French Ordnance Maps; the others are from observations 1 
have taken with the aneroid barometer. The general topographical outlines 
of the districts are also taken from the French Ordnance Maps. 

Fig. 3 shows the valley-gravels along part of the valley of the Waveney. The scale is 
that of the Ordnance Map, from which the topographical outlines are taken. 
The same observations apply to these gravels as to those of the Somme ; only 
the series is more limited, and the heights to which they rise is not so great ; 
50 feet is about the extreme height. The Loess is here in so rudimentary a 
state that I have not laid it down. The heights at Hoxne are from the 
levellings given in my former paper, or are taken with an aneroid. 

Not to interfere with the details, the roads, and all except a few chief places, are 
omitted, but it is easy to find any particular spot by transfer to the French and English 
Ordnance Maps, on the scales of which these plans are made. 

The dotted lines across the valleys refer to the lines of section given in woodcuts 
pp. 253, 258, and 259. 

S^ote . — There is some obscurity in the shading, arising from a mistake of the artist in taking my rough 
sketch instead of the Ordnance Maps wliich accompanied it for his guide in these topographical details. 1 
must refer to the Ordnance Maps therefore for the more correct delineations of the surface. Some errors of 
geographical detail have from the same cause crept into the Map. 
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VIII. Es^erimmts to determim the effect of Imp(wt, Vibratory Action, and Img- 
continued Changes of Load on WroughUlron Girders. ' 

By W. Fairbaien, LL.B., F.B.S. 

Received January 20, — Read February 4, 1864. 

A QUESTION of great importance to science and the security of life and property has 
been left in abeyance for a number of years, — namely, to determine by direct experi- 
ment to what extent vibratory action, accompanied by alternate severe strains, affects 
the cohesive force of bodies. It is immaterial whether the body be crystalline, 
homogeneous, or elongated into fibre, such as cast or wrought iron ; the question to be 
solved is, how long will a body of this description sustain a series of strains produced 
by impact (or the repeated application of a given force) before it breaks'? In the case 
of bridges and girders, this is a subject on which no reliable information has yet been 
given which may be considered as a safe measure of strength for the guidance of the 
architect and engineer. It is true that regulations have been established by the Lords 
Commissioners for Trade ; but they appear to have had their origin on limited data, 
and in cases where the material and workmanship are good they may be relied upon 
as sufficient for the public safety. What, however, is wanted is experimental data to 
enable the engineer to comply satisfactorily with the conditions of the Board of Trade, 
and cordially to unite with the Government in affording ample security to constructions 
in cases where the lives of the public are at stake. 

To remove all doubts on this question, I have been enabled, through the liberality 
and at the request of the Board of Trade, to undertake a series of experiments to deter- 
mine, or to endeavour to ascertain, whether a continuous change of load, and the 
strains produced by those changes, have any effect (and to what extent) upon the ulti- 
mate strength of the structure, — or, in other words, to ascertain the rate of endurance 
the material is able to sustain under these trials. 

To comply with this request, a wrought-iron beam was constructed, representing the 
girders of a bridge of questionable sti’ength, to be employed to determine, experi- 
mentally, the strength and durability of such a structure. This beam was made of the 
ordinary construction, of moderately good, but not the best quality of iron, and sub- 
jected to vibration and a perpetual change of load until the cohesive powers of the 
material were destroyed. 

Of the resisting-powers of material under the severe treatment of a continuous change 
of strain, such as that which the axles of carriages and locomotive engines undergo 
when rolling over iron-jointed rails and rough roads, we are very imperfectly informed. 

MDCCCLXIV. 2 U 
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Few facts are known, and very few experiments have been made bearing directly on the 
solution of this question. It has been assumed, probably not without reason, that wrought 
iron of the best and toughest quality assumes a crystalline structure when subjected to 
long and continuous vibration — that its cohesive powers are much deteriorated, and it 
becomes brittle, and liable to break with a force considerably less than that to which 
it had been previously subjected. This is not improbable ; but we are apparently yet 
ignorant of the causes of this change, and the precise conditions under which it occurs. 

In the year 1837 I instituted a long series of experiments to determine an important 
quality in the strength of materials, viz. the powers of crystalline bodies to sustain 
pressure for an indefinite period of time, and to ascertain whether cast iron, when sub- 
jected by a given weight to long-continued transverse strain, would or would not be 
subject to fracture. 

It appears that former writers on the transverse strength of materials had come to 
the conclusion that the bearing-powers of cast iron were confined within the limits of 
that force which would produce a permanent set, and that it would be unsafe to load 
this material with more than one-third of the weight necessary to bi'eak it. This 
assumption is incorrect, as in the experiments to which we refer some of the bars, six 
in number, were loaded vrithin one-tenth of the w’eight that would break them. 

From these experiments it was ascertained that cast iron, when sound, is more to be 
depended upon, and exhibits greater tenacity in resisting long-continued hea\y strains, 
than is generally admitted, and its bearing-powers have deserved a much higher repu- 
tation than has at any former period been given to them. This is even more apparent 
with wrought iron, as it is safer, being more tenacious and ductile, and less liable to 
flaws and imperfections, which, too, should they exist, are much more easily detected 
than in cast iron. 

The experiments, as respects the effects of time, on loaded cast-iron bars 1 inch 
square and 4 feet 6 inches between the supports, were exceedingly curious and interest- 
ing. They embraced a period of seven years, from 1837 to 1844, when they were 
discontinued, — the heaviest-loaded bars continuing to sustain their load without any 
apparent increase in the deflection. The deflections were taken monthly and carefully 
recorded, and the following Table exhibits the changes that took place in both the hot- 
and cold-blast iron bars from June 1838 to June 1842. It is satisfactory to observe 
that during the whole time of the experiments the bars, whether loaded with the 
lighter or heavier weights, exhibited little or no change beyond what may be traced to 
the variations of temperature. One of the bars was, however, found broken, but 
whether from accident or the effects of continued strain I am unable to determine. I 
am inclined to believe that the former was the case, as the corresponding bars retained 
their position, indicating changes so exceedingly small as to be scarcely perceptible, 
even when examined by the microscope and our best instruments. 
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Deflections produced with permanent weights on hot- and cold-blast cast-iron bars 
4 feet 6 inches between the supports. 


Cold-blast, 
Weight in 
lbs. 

Deflection, 

in 

inches 

Date of observation. 

Temperature, 

Fahr. 

Hot-blast, 
Weight in 
lbs. 

Deflection, 

in 

inches v 

336 

1-316 

June 23rd, 1838. 

78° 

336 

1-538 

336 

1-308 

April 19th, 1842. 

58° 

336 

1-620 

302 

1-824 

June 23rd, 1838. 

78° 

392 

1-803 

392 

1-828 

April 19th, 1842. 

58° 

392 

1-812 

• 448 

1-457 

I June 23rd, lH3b. 

78° 

1 448 


448 

1-449 

1 April 19th, 1842. 

58° 

1 448 



From the above it will be seen that there is no increase in the deflection of the cold- 
blast bar with the 336 lb. load, but a slight increase of -082 of an inch in the hot- 
blast. With the 392 lbs, there is a slight and progressive increase in both bars, and in 
those with a load of 448 lbs. there is no change but what is due to the difference of 
20° of temperature between the month of June and that of April. As respects the 
load of 448 lbs., it is proper here to observe that the hot-blast bars broke at once with 
that weight, and one of the cold-blast bars also broke after sustaining the load 37 days, 
but whether by accident or from vibration is not determined. It is, however, evident 
from the breaking of the hot-blast bars, and one of the cold-blast, that the load of 
448 lbs. approximated very close on the point of fracture, and that the slightest \ibra- 
tion of the floor would break the bar. 

Viewing the subject in this light, it would appear from these experiments that time 
is an element which in a greater or less degree affects the security of materials when 
subjected to long-continued pressure. It may at first sight appear that the cohesive 
powers and the resistance may be so nicely balanced as to neutralize each other, and in 
this state would continue to sustain the load in that condition ad infinitum, provided 
there be no disturbing force to produce derangement of the parts, and thus destroy the 
equilibrium of the opposing forces. This cannot, however, be expected, and I think we 
may reasonably, under ordinary conditions of disturbance, conclude that long-continued 
strain will tend to lessen the cohesive force which unites the particles of matter 
together, and ultimately destroy that power of resistance so strongly exemplified in the 
above experiments. (Vide Keport, Transactions of the British Association for 1842.) 

As the object of this inquiry is to ascertain the limit of safety in structures, such as 
railway bridges, subjected to vibration and impact from a rolling load, it may be 
necessary, for the purpose of illustration, to refer to experiments made by the Com- 
mission appointed in 1848 to inquire into the application of iron to railway structures. 
In these inquiries the late Professor Hodgxinson and Professor Willis entered elabo- 
rately into the experimental as well as the mathematical investigation; but the 
experiments which bear more directly upon the present inquiry are those of Captain 
Hekey (now Sir Hekry) James and Captain Galtok, for determining the effects pro- 

2 u 2 
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duced by passing weights over bars with different velocities, and subjecting others to 
reiterated strain corresponding to loads equal to some fractional part of the breaking- 
weight. The latter experiments were made with cams, caused to revolve by steam 
machinery, which depressed the bars and allowed them to resume their natural 
position for a large number of times. Two cams were used ; one communicated a highly 
vibratory motion to the bar during the deflection, and the other greatly depressed the 
bar subjected to it, and released it suddenly when the ultimate deflection due to the 
load had been obtained, the rate of deflections being from four to seven per minute. 
Three bars, subjected by the first-mentioned cam to a deflection equal to what would 
have been produced by one-third of the statical breaking-weight obtained from similar 
bars, received 10,000 successive depressions, and when afterwards broken by statical 
pressure, bore as much as similar bars subjected to dead weight only. Of two bars sub- 
jected to a deflection equal to what would have been caused by half the statical breaking- 
weight, one broke with 28,602 depressions, the other withstood 30,000, and did not 
appear weakened to resist statical pressure. 

Of the bars subjected to the second cam, three bore 10,000 depressions, each giving 
it a deflection equal to what would be produced by one-third of the statical breaking- 
weight, without having their strength to resist statical pressure apparently at all 
impaired; one broke with 51,538 such depressions, and one bore 100,000 without any 
apparent diminution of strength ; whilst three bars, subjected by the same cam to a 
deflection equal to what would be produced by half the statical breaking-weight, broke 
with 490, 617 and 900 depressions respectively. It must therefore be concluded that 
iron bars will scarcely bear the reiterated application of one- third their breaking-w'eight 
without injury. 

A bar of wrought iron 2 inches square in section and 9 feet long between the sup- 
ports, was subjected to 100,000 depressions, by means of the first-mentioned or rough 
cam, each depression producing a strain corresponding to about |ths of the strain that 
permanently injured a similar bar. These depressions only produced a permanent set 
of *015 inch. 

Three wrought-iron bars were subjected to 10,000 depressions each from the step- 
cam, depressing them through inch, | inch, and f inch respectively, without pro- 
ducing any perceptible permanent set. A bar depressed through 1 inch obtained 
a set of *06 inch, and one depressed 300 times through 2 inches acquired a set of 
1*08 inch. The largest deflection which did not produce any permanent set appears, 
by an experiment on a similar bar, to be that due to rather more than half the statical 
weight which permanently injured it. 

A small box girder of boiler-plate riveted, 6 in. by 6 in. in section and 9 ft. long, 
was also subjected to depressions by means of the rough cam, principally with the view 
of ascertaining whether any effect would be produced on the rivets by the repeated 
strain; but a strain corresponding to 3752 lbs. repeated 43,370 times did not produce 
any appreciable effect. 
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From the experiments made by the Commissioners it may be inferred — 

1st. That cast-iron bars or girders are not safe when subjected to a series of deflec- 
tions due to one-half the load that would break them. 

2nd. That they are perfectly secure in sustaining a dead weight not exceeding one- 
third of the weight that would break them ; and ' 

3rd. That these reiterated deflections appear to have no injurious effect upon the 
metal from which the bars were cast. 

As respects wrought iron, it appeared from the experiments that a progressive increase 
in the deflections and permanent set was observable during every depression produced 
by the same cam as that employed on the cast-iron bars, exhibiting great deficiency in 
its elastic powers. Where the bar retained its power of restoration up to 30,000 deflec- 
tions, with 10,000 more changes it took a set of *06 inch, and from that number, with 
810 additional depressions, the set increased to 1*84 inch, evidently showing that it 
would have continued still further to increase until the bar was rendered useless. 

Comparing these experiments with those obtained from the riveted wi*ought-iron 
beam in the following experiments, it will be found that a load equivalent to one-fourth 
the breaking-weight produced no visible change nor any permanent set after being sub- 
jected to 1,000,000 depressions of T7 and -22 inch. By increasing the load from one- 
fourth to two-fifths, it sustained 5175 additional deflections of *22 inch, when it broke. 
The difference between the experiments on the wrought-iron bar and the wrought-iron 
manufactured girder consists in the greater rigidity of the latter, and in its increased 
power of resistance to vibration and the force of impact, the weight on the girder 
descending upon it by the force of gravity. 

The institution of experiments for the purpose of ascertaining the value of wrought- 
iron riveted plates, in the form of tubes, through which a railway train should pass, was 
a conception which led to a new era in the history of bridges, and ultimately effected the 
passage of the estuary of the Conw^ay and the Menai Straits. These experiments not 
only gave the form and strengths required for the construction of these colossal structures, 
but they developed an entirely novel system of constructive art, and established the 
principle on which wrought-iron bridges should in future be made. Since then some 
thousands of bridges, many of them of great span, have been constructed, composed 
entirely of wrought iron, and are now in existence supporting railways and common 
roads to an extent hitherto unknown in the history of bridge-building, and such as 
could not have been accomplished by any other description of material than malleable 
iron or steel. 

The construction of the Britannia and Conway bridges in the tubular form led to other 
constructions, such as the tubular girder, the plate and lattice girder, and other forms, all 
founded on the principle developed in the construction of the large tubes as they now 
span the Conway and the Menai Straits. In the tubular bridges, it was first designed 
that their ultimate strength should be six times the heaviest load that could ever be 
laid upon them, after deducting half the weight of the tube. This was considered a 
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fair margin of strength ; but subsequent considerations, such as generally attend a new 
principle of construction with an untried material, induced an increase of strength, and, 
instead of the ultimate strength being six times, it was increased to eight times the 
weight of the greatest load. 

The stability and great success of these bridges gave increased confidence to the 
engineer and the public, and for several years the resistance of six times the heaviest 
load was considered an amply sufficient margin of strength. 

Owing to the success of these undertakings, there was a general demand for wrought- 
iron bridges in every direction, and numbers were made without any regard to first 
principles, or to the law of proportion necessary to be observed in the sectional areas 
of the top and bottom flanges, so clearly and satisfactorily shown in the early experi- 
ments. The result of this was a number of weak bridges, many of them so dispro- 
portioned in the distribution of the material as to be almost at the point of rupture 
with little more than double the permanent load. These discrepancies, and the erroneous 
system of contractors tendering by weight, led not only to defects in the principle of 
construction, but the introduction of bad iron and, in many cases, equally bad work- 
manship. Now there is no construction which requires greater care and more minute 
attention to sound principles than vorought-iron girders^ whether employed for bridges of 
large or small span or for buildings. The lives of the public entirely depend upon the 
knowledge and skill of the engineer, and the selection of the material which he 
employs. 

The defects and break-downs which followed the first successful application of 
wrought iron to bridge-building led to doubts and fears on the part of engineers ; and 
many of them contended for eight, and even ten times the heanest load as the safe 
margin of strength. Others, and amongst them the late Mr. Brunel, fixed a lower 
standard ; and I believe that gentleman was prepared in practice to work up to one-third 
or two-fifths of the ultimate strength of the weight that would break the bridge. 
Ultimately it was decided by the authorities of the Board of Trade, but from what data 
I am not informed, that no wrought-iron bridge should with the heaviest load exceed a 
strain of 5 tons per square inch. Now on what principle this standard was established 
does not appear ; and on application to the Board of Trade the answer is, that “ The 
Lords Commissioners of Trade require that all future bridges for railway traffic shall 
not exceed a strain of 5 tons per square inch.” 

The requirement of 5 tons per square inch on the part of the Board of Trade is not 
sufficiently definite to secure in all cases the best form of construction. It is well 
known that the powers of resistance to strain are widely different with wrought iron, 
according as we apply a force of tension or compression ; it is even possible so to dis- 
proportion the top and bottom areas of a wrought-iron girder calculated to support six 
times the rolling load, as to cause it to yield wdth little more than half the ultimate 
strain or 10 tons on the square inch. For example, in wrought-iron girders with solid 
tops it requires the sectional area in the top to be nearly double that of the bottom, to 
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equalize the two forces of tension and compression ; and unless these proportions are 
strictly adhered to in the construction, the 5-ton strain per square inch is an erroi- 
which may lead to dangerous results. Again, it was ascertained from direct experiment 
that double the quantity of material in the top of a wrought-iron girder was not the 
most effective form for resisting compression. On the contrary, it 
was found that little more than half the sectional area was required, 
and, when converted into rectangular cells similar to a, a, was in 
its powers of resistance equivalent to double the area when formed 
of a solid plate. This discovery was of great value in the con- 
struction of tubes and girders of wide span, as the weight of the 
structure itself (which increases as the cubes, and the strength 
only as the squares) forms an important part of the load to which 
it is subjected. On this question it is evident that the require- 
ment of the Board of Trade cannot be applied in both cases, and 
is therefore ambiguous as regards its application to different forms 
of structure. In the 5-ton per square inch strain there is not a 
word said about the dead weight of the bridge ; and we are not 
informed whether the breaking-weight was to be so many times the 
applied weight plus the multiple of the load, or, in other words, whether it included 
or deducted the weight of the bridge itself. 

These data are wanting in the railw^ay instructions ; and until some fixed principle of 
construction is determined upon, accompanied by a standard measure of strength, it is 
in vain to look for any satisfactory result in the erection of road and railway bridges 
composed entirely of wrought iron. 

I have been led to inquire into this subject with more than ordinary care, not only 
on account of the imperfect state of our knowledge, but from the want of definite 
instructions ffom the authorities w^hose duty it is to secure the safety of bridges and 
to protect the public from malconstructions. To accomplish this, I have in the fol- 
lowing experimental researches endeavoured to arrive at the extent to which a bridge 
ox girder of wrought iron may be strained without injury to its ultimate powers of 
resistance. I have endeavoured to ascertain the exact amount of load to which a bridge 
may be subjected without endangering its safety, or, in other words, to determine the 
fractional strain of its estimated powers of resistance. 

To arrive at correct results and to imitate as nearly as possible the strain to which 
bridges are subjected by the passage of heavy railway trains, the apparatus specially 
adapted for that purpose was designed to lower the load quickly upon the beam in the 
first instance, and subsequently to produce a considerable amount of vibration, as the 
large lever with its load and shackle was left suspended upon it in the second. The 
apparatus was sufficiently elastic for that purpose, as may be seen on reference to th< 
drawings. 
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The beam A, Platen VI. & VII., is composed of an iron plate riveted with angle- 
irons 22 feet long, of an inch thick, and 16 inches deep. 

It was supported on two brick piers 20 feet apart. Beneath the bottom flange is 
fixed the lever B, which, by means of the link and shackle C, grasps the lower web of 
the beam close to the fulcrum D. This fulcrum, on which the lever oscillates, is 
formed of a vertical bar E, which acts as a standard, and has screw-nuts to regulate the 
he^ht from the cast-iron plate F to the fulcrum D. The machinery for lifting the 
lever and scale at H consists of the shaft and pulley I, driven by a w^ater-wheel ; and 
from this shaft the apparatus for Kfting the load is worked by a strap from the pulley 
on the pinion-shaft K, which drives the shaft and spur-wheel L, giving motion to the 
connecting rod M. This rod has an oblong slot at its lower end, in which the pin at 
the end of the lever works. From this description it will be seen that, in turning the 
spur-wheel L, the weight is not raised until the bottom of the slot comes in contact with 
the pin of the lever, when the load is taken entirely off the beam. That being accom- 
plished, the connecting rod descends, when the load is again laid upon the beam and 
left suspended with a vibratory motion for some seconds, untd the remainder of the 
stroke is completed, when the connecting rod again rises for the succeeding lift. In 
this way the weights are lifted off and replaced alternately upon the beam at the rate 
of seven to eight strokes per minute. The apparatus is worked night and day by a 
water-wheel, and the number of changes are registered by the counter attached to the 
vertical post at G. 

The girder subjected to vibration in these experiments is a wrought-iron plate beam 
of 20 feet clear span, and of the following dimensions ; — 


inches. 

Area of top, 1 plate 4 inches X i inch ....... 2*00 

„ 2 angle-irons 2 X 2 X 2‘30 

4-30 

Area of bottom, 1 plate 4 inches xi inch I'OO 

„ 2 angle-irons 2 X 2 X inch 1*40 

2-40 

Web, 1 plate 15ixi 1-90 

Total sectional area . . . . 8*60 

Depth 16 inches. 

Weight 7 cwt. 3 qrs. 

Breaking-weight (calculated) 12 tons. 
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The beam haying been loaded with 6643 lbs., equivalent to one-fourth of the ultimate 
breaking-weight, the experiment commenced as follows : — 


TabIiE I. — ^Experiment on wrought-iron beam with a changing load equivalent to one- 
fourth of the breaking-weight. 


Date, 1860. 

Number of 
changes of load. 

Deflection pro- 
duced by load. 

Bemarks. 

March 21. 

0 

0-17 



22. 

10,540 

0-18 



23. 

15,610 

016 



24. 

27,840 


Strap loose, and failed to lift the weight 


26. 

46,100 

bie 


27. 

57,790 

017 



28. 

72,440 

017 



29. 

85,960 

0-17 



30. 

97,420 

0-17 



31. 

112,810 

017 


April 

2. 

144, aio 

016 


4. 

165,710 

0-18 



7. 

202.890 

017 



10. 

235,811 

0-17 



13. 

268,328 

0-17 



14. 

281,210 

017 



17, 

321,015 

0-17 



20. 

343,880 

0-17 

Tlie strap broke. 


25. 

390,430 

0*17 



27. 

408,264 

‘ 0-16 



28. 

417,940 

0-16 

i 

May 

1. 

449,280 

; 0-16 


3. 

468,600 

0-10 



0 . 

489,769 

1 €16 



7. 

1 512,181 

! 0-16 



9. 

536,355 

0*16 



11. 

‘ 560,529 I 

016 


- 

14. 

596,790 

016 



The beam having undergone above half a million changes of load, by working con- 
tinuously for two months, night and day, at the rate of about eight changes per minute, 
without producing any visible alteration, the load was increased from one-fourth to two- 
sevenths of the statical breaking-weight, and the experiment proceeded with till the 
number of changes of load reached a million. 
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Table II. — Experiment on the same beam with a load equivalent to two-sevenths of 
the breaking-weight, or nearly 3J tons. 


I860. 

Xumber of 
dianges of Iwid. 

Deflection, in 
inches. 

! 

Eemarkg. 

1 May 14. 

15. 

17. 

0 

0-22 

In this Table the number of chanfes of load is 

12,623 

36,417 

6 - 99 . 

counted from 0, although the beam had already 

0-22 

undergone 596,790 changes, as shown in Oie pre- 
ceding Table. 

19. 

53,770 

0*21 

22. 

85.820 

128,300 

0-22 


26 . 

0-22 


29. 

161,500 

^ 0 22 I 


31. 

177,000 

i 0*22 1 


June 4. 

194,500 

! 0'21 



217,300 

0-21 

' 

9. 1 

236,460 ] 

0-21 

i 

12. 

16. 

26. : 

264.220 j 

292,600 

403.210 

0-21 

0-22 

0-23 1 

1 

. . ' . 1 

f At this point the operations were suspended, the * 
\ beam haring suffered a million changes of load. 1 


The beam had now sustained one million changes of load without any apparent 
injury; it was then considered necessary to increase the load to 10,486 lbs., or two- 
fifths of the breaking-weight, when the machinery was again put in motion. With 
this additional weight the deflections were increased, with a peimanent set of 'Oo incli, 
from -23 to *35, and after sustaining 5175 changes, the beam broke by tension a short 
distance from the middle. It is satisfactory here to obsen’e that during the whole of 
the 1,005,175 changes none of the rivets were loosened or broke. 

Table III. — ^Beam repaired. 

The beam fractured in the preceding experiment was repaired by replacing the broken 
angle-irons on each side, and putting a patch over the broken plate equal in area to the 
plate itself. Thus repaired, a weight of three tons was placed on the beam, equivalent 
to one-fourth of the breaking-weight, when the experiments were again continued as 
before. 
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D^. 

Kumfaer of ehangm 
of load. 

Deflection, in 
indies. 

Permanent set, 
in inches. 

i 

Eemarks. | 

1860. 

Atigi^t 9. 

158 



i 

The load during these changes was eqni- i 
Tdent to 10,500 Ibe., or 4^';^ tons at the j 
centre. With this weight the beam took 
a large bat unmeasured set. 

Aug . 11. 

12,950 



During these changes the load on the 

. » 12. 

25,742 

0*22 . 

? 

b^m was 8025 lbs-, or 3-68 tons. 1 

Aug . 13. 

25,900 

0*18 

0 

Load redu^ to 2*% tons, or ^th of the 

„ 16. 

46,326 

0-18 

0 

breaking*wright. 

„ 20. 

71,000 

0-18 

0 


„ 24. 

101,760 

0*18 

0 


„ 25. 

107,000 

0-18 

0 


» 31. 

135,260 

0-18 

0*01 


Sept 1. 

140,500 

0-18 

0*01 


„ 8. 

189,500 

0-18 

0-01 


« 15. 

242,860 

0-18 

0-01 


„ 22, 

277,000 

0-18 

0-01 


„ 30, 

320,000 

0-18 

0-01 


Oct . 6. 

375,000 

0-18 

0-01 


„ 13, 

429,000 

0-18 

0*01 


„ 20. 

484,000 

0*18 

0-01 


» 27. 

538,000 

0-18 

0‘01 


Kot. 3. 

577,800 

0-13 

0-01 


„ 10. 

617,8( X ) 

0-18 

0-01 


„ 17. 

657.500 

0-18 

0-01 


„ 23. 

712,300 

0-18 

0*01 


Doe . 1. 

708,100 

0-18 

0-01 


8. 

821,970 

0*18 

0-01 


15, 

875,600 

0-18 

0-01 


» 22. 

1 929,470 

0‘18 

0-01 


,> 29. 

I 1,024,500 

0-18 

0-01 


1861. 





Jan , 9. 

i 1,121.100 

0-18 

0-01 


„ 19. 

1,214,000 

0*18 

0-01 1 


„ 26. 

1,278,000 

0-18 

0-01 1 


Feb . 2. 

1,342,800 

j 0-18 

0-01 


„ 11. 

1,426,000 ' 

0-18 

0-01 


« 16. 

1,485,000 

i 0*18 

0-01 


„ 23. 

1,543.000 

0-18 

0-01 


March 2. 

1,602,000 

0-18 i 

001 


„ 9. 

1,661 ,000 

0-18 ' 

O'Ol 


„ 16. 

1,720,000 

0-17 

0*01 


„ 23. 

1,779.000 

0-17 

0*01 


„ 30. 

1,829,000 

017 

0*01 


April 6. 

1,885,000 

017 

0*01 


„ 13. 

1,945,000 

0-17 

0*01 


» 20. 

2,000,000 

0-17 

0*01 


» 27. 

2,059,000 

017 

0-01 


May 4. 

2,110,0 CtO 

0-17 

0*01 


„ 11. 

2,165,000 

0-17 

0*01 


„ 20. 

2,250,000 

0-17 

0*01 


Sept 4. 

2,727,754 

0-17 1 

0*01 


Oct 16. 

3,150,000 

0-17 

0-01 



2x2 
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At this point, the beam having sustained upwards of three million changes of load 
without any increase of the permanent set, it was assumed that it might have con- 
tinued to bear alternate changes to any extent with the same tenacity of purpose as 
exhibited in the foregohig Table. It was then concluded to increase the load from one- 
fourth to one-third of the breaking-weight ; and having laid on 4 tons, which increased 
the deflection to *20 inch, the work was proceeded with in the same order as in the 
previous experiments. 

Table IV. 


Date. 

Clianges of load. 

Deflection, in 
inches. 

Permanent set, 
in inches. 

i 

Bemarks. 

1861. 





Oct. 18. 

0 

0-20 



in. 

4000 

0*20 

0- 


Nov. 18. I 

: 126,000 

0-20 



Dec. 18. 1 

237,000 

0-20 



1862. 

1 




Jan. 9. 

1 313,000 



Broke bj tension across the bottom web. 


From these experiments it is evident that wrought-iron girders of ordinary con- 
struction are not safe when submitted to violent disturbances with a load equivalent to 
one-third the weight that would break them. They, however, exhibit wondeiful 
tenacity when subjected to the same treatment Tvith one-fourth the load; and assuming 
that an iron girder bridge will bear with this load 12,000,000 changes %vithout injury, 
it is clear that it would require 328 years, at the rate of 100 changes per day, before its 
security was afiected. It would, however, be dangerous to risk a load of one-third the 
breaking-weight upon bridges of this description, as according to the last experiments 
the beam broke with 313,000 changes ; or a period of eight years, at the same rate as 
before, would be sufficient to break it. It is more than probable that the beam might 
have been injured by the previous three million changes to which it had been subjected ; 
and assuming this to be true, it would then follow that the beam wus progressing to 
destruction, and must of necessity at some time, however remote, have terminated in 
fracture. 

The experiments throw considerable hght on this very intricate and very imfiortant 
subject. They are probably carried sufficiently far to enable us to state with certainty 
what is the safe measure of strength ; and as much depends upon the quality of the 
material and the skill with which the girders are put together, it becomes necessary 
for the public safety that a measure of strength should be established without encum- 
bering the structures with unnecessary weight On this question it must be home 
in mind that every additional ton that is not required beyond the limits of safety, is 
an evil that operates as a constant quantity tending to produce rupture; and hence 
follows the necessity of a careful distribution of the material, in order that the tube or 
girder shall be duly proportioned to the strains it has to bear, and that every part of the 
structure shall have its due proportion of work to perform. 
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I have assumed, for the sake of illustration, that every description of materid, as re- 
gards its cohesive properties, follows the same law as that which we have experimented 
upon, or, in other words, in the ratio of its physical powers of resistance, that is to say, 
any beam will follow the same law in regard to its ultimate powers of resistance, when 
operated upon by a corresponding load due to that power. If this be true, we have 
only to follow the same rule as observed in the experiments, by loading cast-iron or 
wooden beams in the ratio of their cohesive powers of resistance, and their breaking- 
weights respectively. This has not been proved experimentally, but I hope at some 
future time to have an opportunity of extending the experiments, in order to determine 
to what extent these views are correct. 

The Lords Commissioners of Trade, in the exercise of their functions as conservators 
of the public safety, have adopted the rule that no railway bridge composed of wrought 
iron shall exceed 'with its hea’^iest rolling-load a strain of five tons per square inch of 
section upon any part of tlie bridge. The formula for this maximum of strain upon 
the material has been deduced from my own experiments on the model tube at 
Millwall 

Assuming the top of the girder to be sufficiently rigid to prevent buckling by com- 
pression, the formula for the strength of the bottom section derived from these experi- 
ments is 

where the constant c=S0. 

Applying this formula to the beam experimented upon, we have 
a, the area of the bottom=2*4 inches, 
d, the depth of the beam=16 inches, 
c, the constant deduced from the model tube=80, 

I, the span or distance between the supports =2 40 inches. 


2*4 X 16x80 


:12'8 tons, 


the ultimate strength of the beam. 

In order to determine the strain per square inch in these experiments, we find 

where S represents the strain per square inch upon the section produced by the 
greatest load w, laid upon the middle of the girder. 

It is necessary to observe that in a girder properly proportioned, the greatest strain 
per square inch will take place upon the bottom section ; so that if the strain upon the 
bottom section of such a girder be 'within the Government Commissioner’s condition of 
mfety, the strain upon the top section 'will necessarily be wdthin that limit also. In a 
girder having the cellular structure at its top section, the area of the top section should 
be very nearly once and a quarter that of the bottom section, or the areas of their 
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sections should be respectively as 5 : 4 ; and the stinin per square inch upon tiiese parts 
will be respectively inv^^ely as their areas ; that is, the strain per square inch upon 
the top sojtion will be |ths of the strain per square inch upon the bottom vsection. In 
one of the forgoing experiments, we have 

I, the length of the girder =240 inches, 
the weight laid on the middle=2*96 tons, 
a, the area of the bottom section =2 *4 inches, 
the depth of the girder =16 inches ; 

therefore S=^^~^=4*62 tons, 

the strain per square inch on the bottom section of the girder. 

Applying this formula to the whole series of experiments, we obtain the following 
summary of results : — 


Summary of Eesults. — 1st Series of Experiments. 
Beam 20 feet between the supports. 


No of 

experi- 

ment. 

Date. 

Weight on 
middle of 
the beam, 
in tons. 

Number of 
changes of load. 

! Strain per | Strain per 
square inch square inch 
on bottom. | on top. 

i ; 

Deflection, 
in inches. 

Kemarks. 

M 

From Marcli21st to 1 
May 14th, 1860 | 

2-96 

596,790 

: 4-62 

2*58 

.17 


" { 

From May 14th to 1 
June 26th, i860 J 

3-50 

403,210 

j 5*46 

3-05 

‘23 1 


M 

From July 25th to 1 
July 28th, 1860 | ; 

4-68 

5,175 

: 7-31 J 

4-08 

■35 

Broke by tension at a 

1 short from the 

! centre of the beam. 


The number of 1,005,175 changes was attained before fracture, with varying strains 
upon the bottom flange of 4*62 tons, 5’46 tons, and 7*31 tons per square inch. 


Beam repaired. — 2nd Series of Experiments. 


4 

August 9th, 1860 . . 

4-68 

158 

7-31 

4-08 

... { 

^The apparatus waa ac- 
cidentally set in motion. 

5 

August 1 1th and 12th 

3-58 

25,742 

5*59 

3.12 

•22 


•I 

From August 13th, 1 
1860 to October 1 

16th, 1861 J 

2-96 

3,124,100 

4-62 

2-58 

•18 


’li 

From October 18 th, 1 
1861 to January 1 
9th, 1862 j 

4-00 

313,000 

6-25 

3-48 

■20 ■ 


i Broke by tension as 
(km to the pl^ 
rireted oven the prenons 
fracture. 


Here the number of 3,463,000 changes was attained when fracture ensued. 
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From the above it is evident that wrought-iron girders, when loaded to the extent of a 
tensile strain of seven tons per square inch, are not safe, if that strain is subjected to 
^temate changes of taking off the load and laying it on again, provided a certain 
amount of vibration is produced by that process ; and what is important to‘ notice is, 
that from 300,000 to 400,000 changes of this description are sufficient to ensure fracture. 
It must, however, be borne in mind that the beam from which these conclusions are 
derived had sustained upwards of 3,000,000 changes with nearly five tons tensile strain 
on the square inch, and it must be admitted from the experiments thus recorded that 
five tons per square inch of tensile strain on the bottom of girders, as fixed by the Board 
of Trade, appears to be an ample standard of strei^th. 

As regards compression, we have only to compare for practical purposes the difference 
between the resisting-powers of the material to tension and compression, and we shall 
require in a girder without a cellular top from one-third to three-fourths more material 
to resist compression than to resist tension ; and as the strength of wrought iron in a state 
of compression is to its strength in a state of tension as about 3 to 4J, the area of the 
top and bottom will be nearly in that proportion, or, in other words, it will require that 
much more material in the top than the bottom to equalize the two forces. 

In the expeiimental beam the area of the top was considerably in excess of that of 
the bottom, it having been constructed on data deduced from the experiments on tubes 
without cells, which required nearly double the area on the top to resist crashing. In 
the construction of large girders, where thicker plates are used, this proportion no longer 
exists, as much greater rigidity is obtained in the thicker plates, which causes a closer 
approximation to equal areas in the top and bottom of the girder ; and irom this we 
deduce that from one-third to three-fourths, and in some cases one-third additional 
area in the top has been found, according to the size of the girder, sufficient to balance 
the two forces under strain. 

The foregoing experiments, however, were instituted to determine the safe measure 
of strength as respects tension, and it will be seen that in no case during the whole of 
the experiments was there any appearance of the top yielding to compression. 
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§ IV. Absorption of the same heat by the same vapours when the quantities of vapour are proportional to 
the quantities of liquid. — Comparative view of the action of liquids and their vapours on radiant heat. 

§ Y. Remarks on the chemical constitution of bodies with reference to their powers of absorption. 

§ VI. Transmission of radiant heat through bodies opaque to light. — Remarks on the physical cause of trans- 
parency and opacity. 

§ VII. Influence of temperature on the transmission of radiant heat. 

§ VIII. Changes of the position of diathermic bodies through changes of temperature of the same source. — 
Radiation from lampblack compared with that from platinum at the same temperature. 

§ IX. Radiation from gas-flames through vapours. — Reversals of position. 

§ X. Radiation from the flames of hydrogen and carbonic oxide through air and other media. — Influence of 
period with reference to absorption. 

§ XI. Radiation through liquids. — Influence of period. — Conversion of long periods into short ones. 

§ XII. Explanation of certain results of Melloni and M, Knoblauch, 

§ XIII. Radiation of hydrogen-flame through lampblack, iodine, and rock-salt. — Diathermancy of rock-salt 
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The natural philosophy of the future must, I imagine, mainly consist in the investiga- 
tion of the relations which subsist between the ordinary matter of the universe and the 
ether, in which this matter is immersed. Regarding the motions of the ether itself, as 
illustrated by the phenomena of reflexion, refraction, interference, and di&action, the 
optical investigations of the last half century have left nothing to be desired ; but as 
regards the atoms and molecules whence issue the undulations of light and heat, and 
their relations to the medium which they move, and by which they are set in motion, 
these investigations teach us nothing. To come closer to the origin of the ethereal 
waves— -to get, if possible, some experimental hold of the oscillating atoms themselves 
— ^has been the main object of the researches in which I have been engaged for the 

MDCCCLXrV. 2 Y 
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last five years. In these researches radiant heat has been used as an instrument for 
exploring molecular condition, and this is the object which I have kept constantly in 
view throughout the investigation which I have now the honour to submit to the Eoyal 
Society. 

The first part of these researches is devoted to the more complete examination of 
a subject which was briefly touched upon at the conclusion of my Fourth Memoir — 
namely, the action of liquids, as compared with that of their vapours, upon radiant 
heat. The diflerences which exist between different gaseous molecules, as regards 
their power of emitting and absorbing radiant heat, have been already amply illus- 
trated. When a gas is condensed to a liquid, the molecules approach and grapple 
with each other by forces which are insensible as long as the gaseous state is main- 
tained. But though thus condensed and enthralled, the ether still surrounds the mole- 
cules. If, then, the powers of radiation and absorption depend upon them individually, 
we may expect that the deportment towards radiant heat which experiment establishes 
in the case of the free molecule, will maintain itself after the molecule has relinquished 
its freedom and formed part of a liquid. If, on the other hand, the state of aggrega- 
tion be of paramount importance, we may expect to find on the part of liquids a deport- 
ment altogether different Horn that of their vapours, 

Melloni, it is well known, examined the diathermancy of various liquids, but he 
employed for this purpose the flame of an oil-lamp, covered by a glass chimney. His 
liquids, moreover, were contained in glass cells ; hence the radiation from the source 
was profoundly modified before it entered the liquid at all, for the glass was imper- 
vious to a considerable part of the radiation. It was my wish to interfere as httle as 
possible with the primitive emission, and also to compare the action of liquids with 
that of their vapours, when examined in a tube stopped with plates of rock-salt. I 
therefore devised an apparatus in which a layer of liquid of any thickness could be 
enclosed between two polished plates of rock-salt. It was skilfully constructed for me 
by Mr. Beckee, and the same two plates have already done service in more than six 
hundred experiments. 

The apparatus consists of the following parts : — A B C (fig. 1) is a plate of brass, 
3*4 inches long, 2*1 inches wide, and 0*3 of an inch thick. Into it, at its comers, are 
rigidly fixed four upright pillars, furnished at the top with screws, for the reception of 
the nuts qrst. DEFisa second plate of brass of the same size as the former, and 
pierced with holes at its four comers, so as to enable it to slip over the four columns 
of the plate ABC. Both these plates are perforated by circular apertures, mn and 
0 ^, 1*35 inch in diameter. G H I is a third plate of brass of the same area as D E F, 
and, like it, having its centre and its comers perforated. The plate G H I is intmided 
to separate the two plates of rock-salt, which are to form the walls of the (^U, and its 
thickness determines that of the liquid layer. Thus when the plates ABC and B E F 
are in position, a space of the form of a shallow cylinder is enclosed between them, and 
this space can be filled with any liquid through the orifice k. The separathag plate 
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Fig. 1. 


Fig. 2. 



G H I was gi*ound with the utmost accuracy, and the surfaces of the plates of salt were 
polished with extreme care, with a -view to rendering the contact between the salt and 
the brass water-tight. In practice, however, it was found necessary to introduce washers 
of thin letter-paper between the plates of salt and the separating plate. 

In arranging the cell for experiment, the nuts qrst 2 ire unscrewed, and a washer of 
india-rubber is first placed on A B C. On this washer is placed one of the plates of 
rock-salt. On the plate of rock-salt is placed the washer of letter-paper, and on this 
again the separating plate G H I. A second washer of paper is placed on this plate, 
then conics the second plate of salt, on which another india-rubber washer is laid. 
The plate DEF is finally slipped over the columns, and the whole arrangement is 
tightly screwed together by the nuts qrst. The use of the india-rubber washers is 
to relieve the crushing pressure which would be applied to the plates of salt if they 
were in actual contact mth the brass plates ; and the use of the paper washers is, as 
already explained, to render the cell liquid-tight. After each experiment, the appa- 
ratus is unscrewed, the plates of salt are removed and thoroughly cleansed ; the cell is 
then remounted, and in two or three minutes all is ready for a new experiment. 

My next necessity was a perfectly steady source of heat, of sufiicient intensity to 
penetrate the most absorbent of the liquids to be subjected to examination. This was 
found in a spiral of platinum wire, rendered incandescent by an electric current. The 
frequent use of this source of heat led me to construct the lamp shown in fig. 2. A 
is a globe of glass 3 inches in diameter, fixed upon a stand, which can be raised and 
lowered. At the top of the globe is a tubulure, into which a cork is fitted, and through 
the cork pa^ two wires whose ends are united by the platinum spiral S. The whes 
are carried down to the binding screws ab^ which are fixed in the foot of the stand 

2t2 
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so that when the instrument is attached to the battery no strain is ever exerted on 
the wires which (^rry the spiral. The ends of the thick wire to which the spiral is 
attached are also of stout platinum ; for when it was attached to copper wires, unsteadi- 
ness was introduced through oxidation. The heat issues from the incandescent spiral 
by the opening d, which is an inch and a half in diameter. Behind the spiral, finally, 
is a metallic reflector, r, which augments the flux of heat without sensibly changing its 
quality. In the open air the red-hot spiral is a capricious source of heat ; but sur- 
rounded by its glass globe its steadiness is admirable. 

The whole experimental arrangement will be immediately understood from the sketch 


Pig. 3. 



given in %. 3. A is the platinum lamp just described, heated by a current from a 
Grove’s battery of five cells. It is necessary that this lamp should remain perfectly 
constant throughout the day; and to keep it so, a tangent galvanometer and a.rheocord 
are introduced into the circuit. 

In front of the spiral, and surrounding the tubulure of its globe, is the tube B with 
an interior reflecting surface, through which the heat passes to the rock-salt cell C. 
This cell is placed on a little stage soldered to the back of the perforated screen S S, so 
that the heat, after having crossed the cell, passes through the hole in the screen, and 
afterwards impinges on the thermo-electric pile P. The pile is placed at some distance 
from the screen S S, so as to render the temperature of the cell C itself of no account. 
O is the compensating cube, containing water kept boiling by steam from the pipe j?. 
Between the cube C and the pile P is the screen Q, which regulates the amount of 
heat falling on the posterior face of the pile. The whole arrangement is here exposed ; 
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but in practice the pile P and the cube C are carefully protected from the capricious 
action of th*e surrounding air. 

The experiments are thus performed. The empty rock-salt cell C being placed on its 
stage, a double silvered screen (not shown in the figure) is first introduced between the 
end of the tube B and the cell C ; the radiation from the spiral being thus totally cut 
off, and the pile subjected to the action of the cube C' alone. By means of the screen Q, 
the total heat to be adopted throughout the series of experiments is obtained : say that it 
is sufficient to produce a galvanometric deflection of 50 degrees. The double screen used 
to intercept the radiation from the spiral is then gradually withdrawn until this radiation 
completely neutralizes that from the cube C', and the needle of the galvanometer points 
steadily to zero. The position of the double screen, once fixed, remains subsequently 
unchanged, the slight and slow alteration of the source being neutralized by the rheo- 
cord. Thus the rays in the first instance pass from the spiral through the empty rock- 
salt cell. A small funnel, supported by a suitable stand, dips into the aperture which 
leads into the cell, and through this the liquid is poured. The introduction of the liquid 
destroys the previous equilibrium, the galvanometer needle moves, and finally assumes a 
steady deflection ; and from this deflection we can immediately calculate the quantity of 
heat absorbed by the liquid, and express it in hundredths of the entire radiation. 

For example, the empty cell being placed upon its stand, and the needle being at 0*^, 
the introduction of iodide of methyl into the cell produced a deflection of 30°‘8. The 
total radiation on this occasion was 44°-2. Taking the force necessaiy^ to move the 
needle from 0° to P as our unit, the deflection 30°-8 corresponds to 32 such units, 
while the deflection 44°‘2 corresponds to 58*3 such units. Hence the statement 

58-3:100 = 32:54-9, 

which gives an absorption of 54-9 per cent for a layer of liquid iodide of methyl 0-07 of 
an inch in thickness. 

§ 2 . 

The following Table contains the results obtained in this manner with the respective 
liquids there mentioned. It embraces both the deflection produced by the introduction 
of the liquid, and the quantity per cent, intercepted of the entire radiation. It has 
been intimated to me by some of my Continental friends that the publication of such 
details as would enable a reader to judge of the precision attainable by my apparatus 
would be desirable. In this paper I shall, to some extent, endeavour to satisfy this 
desire, making use, however, of my ordinary experiments. 

Table I. — Eadiation of heat through Liquids. Source of heat, red-hot platinum spiral. 

Thickness of liquid layer 0-07 of an inch. 


Name of liquid. Deflection, Absorption per 100. 

Iodide of Methyl .... 30-8 54-9 

Iodide of Ethyl 33-0 60-4 
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Table I. (continued). 


Fame of liquid. 

Deflection. 

Absorption ^ 100. 

l^nzol 

. . . 35-3 

67-0 

Amylene .... 

. . . 37-7 

74-8 

Sulphuric Ether . . 

. . . 39*0 

79*4 

Acetic Ether . . . 

. . . 39*6 

81*6 

Alcohol .... 

. . . 41*0 

86*6 

Water* .... 

. . . 43-3 

91*4 

Total heat .... 

. . . 44*2 

100 

In these experiments I employed a 

less delicate galvanometer than that used in my 

former researches. The experiments 

were made on the 29th of September, and on the 

following day I repeated them with the following results 

-■ 

Table II. — Radiation of heat through Liquids. Source of heat, red-hot platinum spiral. 

Thickness of liquid layer 0*07 of an 

inch. 

Fame of liquid. 

Deflection. 

Absorption per 100. 

Iodide of Methyl 

. . . 33*5 

53*7 

Iodide of Ethyl . . 

. . . 35*5 

58*7 

Benzol 

. . . 37*5 

64*4 

Amylene .... 

. . . 39*0 

70*7 

Sulphuric Ether . . 

. . . 41*0 

75*4 

Acetic Ether . . . 

. . . 41*5 

76*9 

Formic Ether . . . 

. . . 42*4 

80*0 

Alcohol 

. . . 43*5 

oo 

Water ..... 

. . . 44*7 

90*5 

Total heat .... 

. . . 46*7 

100*0 


On the 28th of October my most delicate galvanometer was at liberty, and with it I 
executed the experiments performed with the coarser one. The following are the 
results : — 

Table III. — Kadiation of heat through Liquids. Source, red-hot platinum spiml. 
Thickness of liquid layer 0*07 of an inch. 


Name of liquid. 

Deflection. 

Absorption 

per 100. 

Bisulphide of Carbon ..... 

. 9*0 

12*5 


Chloroform 

. 25*2 

35*0 


Iodide of Methyl 

. 36*0 

53*2 

54*3 

Ditto, strongly coloured with iodine . 

. 36*0 

53*2 


Iodide of Ethyl 

. 38*2 

59*0 

59*6 


^ To prevent the water from attacking the ceU, it was always first saturated with the substance of the cell 
itself, namely, transparent rock-salt. 
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Table III. (continued). 


Name of liquid. Deflection, Absorption per lOU. 

Benzol 39*2 62*5 65*'( 

Amylene ... 42*0 73'6 72*3 

Sulphuric Ether 42*6 76 T 77 -4 

Acetic Ether ......... 43*4 78*0 79-3 

Formic Ether 43*3 79-0 80*0 

Alcohol 44-4 83*6 85*4 

Water 45*6 88*8 90*9 

Total heat 48*0 100*0 


I have here placed beside the results obtained with the delicate galvanometer, the 
means of those obtained with the coarser one. It is not my object to push these 
measurements to the last degree of nicety ; otherwise the satisfactory agreement here 
exhibited might be made still better. 

To render the experiments on liquid transmission more complete, I operated with 
layers of various thicknesses, employing throughout my most delicate galvanometer. 
The results of these measurements are recorded in the following series of Tables : — 

Table IV. — Radiation of heat through Liquids. Source, red-hot platinum spiral. 

Thickness of liquid layer 0*02 of an inch. 


Name of liquid. 

Deflection. 

Absorption per lue. 

Bisulphide of Carbon . 

0 

. . 4*0 

5*5 

Chloroform .... 

. . 12*0 

16*6 

Iodide of Methyl , . 

. . 26*0 

36*1 

Iodide of Ethyl . . . 

. . 27*5 

38*2 

Benzol 

. . 31-3 

43*4 

Amylene 

. . 38*0 

58*3 

Boracic Ether . . . 

. . 39*0 

61*8 

Sulphuric Ether . , . 

. . 39*5 

63*3 

Formic Ether . . . 

. . 40*0 

65*2 

Alcohol 

. . 40*5 

67*3 

Water 

, . 43*7 

80*7 

Total heat 

. . 48-0 

100*0 

Table V. — ^Thickness 

of liquid layer 

0*04 of an inch. 

Name of liquid. 

Deflection. 

Absorption per 100, 

Bisulphide of Carbon . 

. , 6*1 

8*4 

Chloroform . . . . 

. . 18*0 

25*0 

Iodide of Methyl . . 

. . 33*0 

46*5 

Iodide of Ethyl . , . 

. . 35*0 

50*7 
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Table V. (continued). 


Ksune of liquid. 

Deflection, 

Absorption per 100. 

Benzol 

. 37*0 

55*7 

Amylene ...... 

. 40*0 

65*2 

Boracic Ether .... 

. 41*0 

69*4 

Sulphuric Ether .... 

. 42*0 

73*5 

Acetic Ether ..... 

. 42-1 

74*0 

Formic Ether 

. 42*5 

76-3 

Alcohol 

. 43*2 

78*6 

Water 

. 45*0 

86*1 

Total heat 

. 48*0 

100*0 

Table VI. — Thickness of liquid layer 

0T4 of an inch. 

Yame of liquid. 

Deflection. 

Absorption per 1 00, 

Bisulphide of Carbon . . 

. li o 

15-2 

Chloroform 

. 28*6 

40*0 

Iodide of Methyl . . . 

. 40-0 

65*2 

Iodide of Ethyl .... 

. 40*9 

69*0 

Benzol . 

. 41*5 

71*5 

Amylene 

. 43*0 

77*7 

Sulphuric Ether .... 

. 43*2 

78-6 

Acetic Ether 

. 44*0 

82*0 

Formic Ether 

, 44*5 

84*0 

Alcohol 

. 44*8 

85*3 

Water 

. 46*3 

91*8 

Total heat ...... 

. 48*0 

100*0 

Table VII. — Thickness of hquid layer 

0 27 of an inch. 

Kame of liquid. 

Deflection. 

Absorption per 100. 

Bisulphide of Carbon . 

. 12-5 

17*3 

Chloroform 

. 32*3 

44*8 

Iodide of Methyl . . . 

. 40*8 

68*6 

Iodide of Ethyl .... 

. 41*5 

71*5 

Benzol ....... 

. 42*0 

73*6 

Amylene ...... 

. 44*1 

82*3 

Sulphuric Ether .... 

. 44-8 

85*2 

Acetic Ether 

. 45*0 

86*1 

Formic Ether 

. 46*2 

87*0 . 

Alcohol 

. 45*7 

89*1 

Water 

. 46*1 

91*0 

Total heat ...... 

. 48*0 

100*0 
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The foregoing results are collected together in the foUoing Table : — 

Table VIII. — Absorption of heat by liquids. Source, platinum spiral heated to a bright 
redness by a voltaic current. » 


liqiiid. 

Thicfca^ of liquid in pfflrts of an inch. | 


002 . 

004 - 

007 . 

014 . 

0 - 27 . 

Bisulphide of Carbon 

5-S 

8*4 

12*5 

15*2 

17*3 

Chloroform ... 

16*6 

25*0 

35-0 

40*0 

44*8 

Iodide of Methyl 

36*1 

46*5 

53-2 

65*2 

68*6 

Iodide of Ethyl 

38*2 

50-7 

59*0 

69*0 

71*5 

Benzol 

43*4 

55*7 

62*5 

71*5 

73*6 

Amylene 

68*3 

66-2 

73*6 

77*7 

82*3 

Sulphuric Ether 

63*3 

! 73*5 1 

i 76*1 

78*6 

85*2 

i Acetic Ether 


74*0 i 

78*0 

82*0 

86*1 

Formic Ether 

65-2 

76*3 

79*0 

84*0 

87*0 

Alcohol 1 

1 67*3 

78*6 : 

83*6 

85*3 

89*1 

Water I 

i 80*7 

86-1 

88*8 

91*8 

91*0 


Had it been desirable to push these measurements to the utmost limit of accuracy, I 
should have repeated each experiment, and taken the mean of the determinations. But 
considering the way in which the different thicknesses check each other, an inspection 
of the Table must produce the conviction that the results express, within small limits 
of error, the action of the bodies mentioned. 


§ 3. 

As liquids, then, those bodies are shown to possess very different capacities of inter- 
cepting the heat emitted by our radiating source ; and we have next to inquire whether 
these differences continue after the molecules have been released from the bond of 
cohesion. We must, of course, test the vapours by waves of the same period as those 
applied to the liquids ; and this our mode of experiment renders easy of accomplishment. 
The heat generated in a wire by a current of a given strength being invariable, it was 
only necessary, by means of the tangent compass and rheocord, to keep the current con- 
stant from day to day in order to obtain, both as regards quantity and quality, an 
invariable source of heat. 

The liquids from which the vapours were derived were placed in a small long flask, a 
separate flask being devoted to each. The air above the liquid, and within it, being first 
carefully removed by an air-pump, the flask was attached to the experimental tube in 
which the vapours were to be examined. This tube was of brass, 49’6 inches long, 
and 2*4 inches in diameter, its two ends being stopped by plates of rock-salt. Its 
interior surface was polished. At the commencement of each experiment, the tube 
having been thoroughly cleansed and exhausted, the needle stood at zero*. The cock 
of the flask containing the volatile liquid was then carefully turned on, and the vapour 
allowed slowly to enter the experimental tube. The barometer attached to the tube 
was finely graduated, and the descent of the mercurial column was observed through a 
magnifying lens. When a pressure of 0*5 of an inch was obtained, the vapour was cut 

* It is hardly neee^ary to remark ttiat the principle of compensatiGn described in my former memoira was 
employed here also. 
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off and the permanent deflection of the needle noted. Knowing the total h^t, the 
absorption in lOOths cff the entire radiation conld be at once deduced fix)m the d^ec- 
tion. The following Table contains the results of the furat series of experiments made 
with the platinum spiral as source. 

Table IX. — Radiation of heat through Vapours. Source, red-hot platinum spiral. 

Tension, 0*6 of an inch. 

Name of vaponr. Deflection. Atsorption per 100. 


Bisulphide of Carbon , 

. 170 

4-7 

Mean. 

i« 

Bisulphide of Carbon . 

. 16*8 

4-6J 

Chloroform .... 

. 22-5 

6-2^ 

■ 6-3 

Chloroform .... 

. 22-8 

6-3J 

Iodide of Methyl . . . 

. 34-0 

9-7^ 

■ 9-7 

Iodide of Methyl . . . 

. 34*0 

9-7J 

Iodide of Ethyl . . . 

. 46-0 


Iodide of Ethyl . . . 

. 45-5 

Benzol 

. 48-5 

20-4' 

■20-4 

Benzol 

. 48-5 

20-4J 

Amylene ..... 

. 56-3 

27*3' 

•27-8 

Amylene . . , . . 

. 66-2 

27'2J 

Total heat 

. 78-3 

100-0 



The absence of all caprice or uncertainty in the measurements is, I think, demon- 
strated by the foregoing Table, which is simply an average sample of the degree of coin- 
cidence obtained in separate measurements. Two determinations were made in each 
case ; and it will be seen that while, in some instances, the second experiment yielded 
the same result as the first, in one instance only does the difference amount to half a 
degree of the galvanometer. 

The foregoing measurements were executed on the 5th of October. On the 7th they 
were in part repeated, with the following results. 


Table X. 


Name of vapoiir. 

Deflection- 

Absorption. 

Bisulphide of Carbon . 

. . 16-6 

4-7 

Chloroform .... 

. . 22-8 

6-5 

Iodide of Methyl . . . 

. . 33-0 

9-6 

Iodide of Ethyl . . . 

. . 45-0 

17-7 

Benzol 

. . 48-0 

20-6 

Amylene 

. . 55*3 

27-5 

Alcohol 

. . 55-7 

28-1 ' 

Formic Ether .... 

. . 58-2 

31-4 

Sulphuric Ether . . . 

. . 58-5 

31*9 

Acetic Ether .... 

. . 69-9 

34-6 

Total heat ..... 

. . 78-0 

100-0 
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Fladi]^ these results beside those recorded in Table IX., the manner in which they 
dbe<& each other will app^. 

Comparison of Tables IX. and X. — Absorption. ^ 



Table IX. 

Table X. 

Bisulphide of Carbon . 

. . 4-7 

4-7 

Chloroform .... 

. . 6*3 

6-5 

Iodide of Methyl . . . 

. . 9-7 

9-6 

Iodide of Ethyl . . . 

. . 17-8 

17-7 

Benzol 

. . 20-4 

20*6 

Amylene 

. . 27*3 

27*5 


The agreement, it will be seen, is as perfect as could be desired. 

Augmenting the opening through which the heat passed from the source into the 
experimental tube, the total heat was increased, and the experiments with a few of the 
vapours were repeated. The total heat in the last case produced a deflection of 78°, 
which is equal to 350 units; the total heat now employed produced a deflection of 
83°, which is equal to 605 units. It is easy to see that the experiments now to be 
recorded furnish a direct check on the calibration of the galvanometer. As long as 
the quality of the heat remains unchanged, the absorption ought to be the same with a 
high total heat as with a low one. But if experiment show that this is the case, it 
proves also that the calibration on which the calculation of the absorption depends, 
cannot be in error. The following results were obtained on the 8th of October : — 

Table X a. 



Deflection. 

Absorption. 

Amylene . . . 

.... 6*0 

28*7 

Alcohol .... 

.... 66*4 

29*2 

Formic Ether . . 

.... 68*5 

32-5 

Formic Ether , . 

.... 68*5 

32*5 

Sulphuric Ether . 

.... 69*2 

33-6 

Sulphuric Ether . 

.... 69*1 

33*4 

Acetic Ether . . 

.... 69*7 

34*5 

Acetic Ether . . 

.... 69*7 

34*5 

Total heat . . . 

.... 83*0 

100-0 


Placing the results beside those recorded in Table X., we have the following com- 
parison : — 


Comparison of Tables X. and X a. 


Amylene . . . 

, . . . 27-6 

28-7 

Alcohol .... 

. . . . 28*1 

29-2 

Formic Ether . 

. . . . 31-4 

32-5 

Sulphuric Ether . 

... 31*9 

33-5 

Acetic Ether . . 

. . . 34-6 

34-5 


2 22 
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The differences here are inconsiderable, and lean to neither side ; within th^ limits, 
therefore, the calibration must be correct ; it shall be tested more severely in another 
part of this paper. 

§ 4 . 

We are now in a condition to compare the action of a series of volatile liquids with 
that of the vapours of those liquids upon radiant heat. 

Commencing with the substance of the lowest absorptive energy, and proceeding to 
the highest, we have the following order of absorption : — 


liquicfe. 

Bisulphide of Carbon. 
Chloroform. 

Iodide of Methyl. 
Iodide of Ethyl. 
Benzol. 

Amylene. 

Sulphuric Ether. 
Acetic Ether. 

Formic Ether. 
Alcohol. 

Water. 


Vapours. 

Bisulphide of Carbon. 
Chloroform. 

Iodide of Methyl. 
Iodide of Ethyl. 
Benzol. 

Amylene. 

Alcohol. 

Formic Ether. 
Sulphuric Ether. 
Acetic Ether. 


Here, as far as amylene, the order of absorption is the same for both liquids and 
vapours. But firom amylene downwards, though strong liquid absorption is in a general 
way paralleled by strong vapour absorption, the order of both is not the same. There 
is not the slightest doubt that next to water alcohol is the most powerful absorber in the 
list of liquids ; but there is just as little doubt that the position which it occupies in the 
list of vapours is the correct one. This has been established by reiterated experiments. 
Acetic ether, on the other hand, though certainly the most energetic absorber in the 
state of vapour, falls behind both formic ether and alcohol in the liquid state. Still, 
on the whole, I think it is impossible to contemplate these results without arriving at 
the general conclusion that the act of absorption is in the main molecular, and that the 
molecule maintains its power as an absorber and radiator when it changes its state of 
aggregation. Should, however, any doubt linger as to the correctness of this conclusion, 
it will speedily disappear. 

A moment’s reflection will show that the comparison here instituted is not a strict 
one. We have taken the liquids at a common thickness, and the vapours at a common 
volume and pressure. But if the layers of liquid employed were turned bodily into 
vapour, the volumes obtained would mt be the same. Hence the quantities of matter 
traversed by the radiant heat are neither equal nor proportional to each -other in the 
two cases ; and to render the comparison strict they ought to be proportional. It is 
easy, of course, to make them so ; for the liquids beiug examined at a constant volume, 
their specific gravities give us the relative quantities of matter traversed by the radiant 
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and from and the vapour-densities, we can immediately deduce the corre- 

sponding volumes of the vapour. Calling the quantity of matter q, the vapour-dendty d, 
and the volume V, we have 



Dividing, therefore, the specific gravities of our liquids by the densities of their vapours, 
we obtain a series of volumes proportional to the masses of the liquids employed. The 
densities of both liquids and vapours are given in the following Table ; — 

Table of Densities. 



Vapour. 

Liquid. 

Bisulphide of Carbon . 

. . 2‘63 

1-27 

Chloroform .... 

. . 413 

1-48 

Iodide of Methyl . . . 

. . 4-90 

2-24 

Iodide of Ethyl . . . 

. . 6-39 

1-95 

Benzol 

. . 2-69 

0-85 

Amylene 

. . 2-42 

0-64 

Alcohol 

. . 1*59 

0-79 

Sulphuric Ether . . . 

. . 2-66 

0-71 

Formic Ether . . . . 

. . 2-66 

0*91 

Acetic Ether .... 

. . 3-04 

0*89 

Water 

. . 0-63 

1*00 


Substituting for q the numbers of the second column, and for d those of the first, we 
obtain the following series of vapour volumes, whose weights are proportional to the 
masses of liquid employed. 


Table of Proportional Volumes. 


Bisulphide of Carbon . . . . 0*48 

Chloroform 0*36 

Iodide of Methyl ..... 0*46 

Iodide of Ethyl 0’36 

Benzol 0*32 

Amylene 0*26 

Alcohol . 0*50 

Sulphuric Ether 0*28 

Formic Ether 0*36 

Acetic Ether 0-29 

Water 1*60 


Employing the vapoum in the volumes here ini^cated, the following results were 
obtained: — 
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Table XI. — Eadiation of heat through Vapours. Mass of vapour proportional to 
’ mass of liquid. 

Tension in j^a 

Name of vapour. of an incL Deflection. Absorption per 100. 

Bistilpliide of Carbon . . . 0'48 { 8 5 } 

Chloroform 0-36 6-6 

ll3-0 J 

Iodide of Methyl .... 0-46 { 2 ^ } 

Iodide of Ethyl 0-36 { 3 ^ } 

Benzol 0-32 1 16-8 

l33-l J 

Amylene . 0-26 37-7 19*0 

Sulphuric Ether .... 0-28 ^ j 21-5 

Acetic Ether 0-29 ] 22-2 

l44-0 J 

Formic Ether 0'36 ® | 22-6 

144-7 J 

Alcohol 0-60 1 22-7 

144-9 J 

Here the discrepancies revealed by our former series of experiments entirely disappear, 
and it is proved that for heat of the same quality the order of absorption for liquids and 
their vapours is the same. We may therefore safely infer that the position of a vapour 
as an absorber or radiator is determined by that of the liquid from which it is derived. 
Granting the validity of this inference, the position of water fixes that of aqueous 
vapour. From the first seven Tables of this memoir, or from the rdsmriA of results in 
Table VIII., it will be seen that for aU thicknesses water exceeds the other liquids in 
the energy of its absorption. Hence, if no single experiment on the vapour of water 
existed, we should be compelled to conclude, from the deportment of its liquid, that, 
weight for weight, aqueous vapour transcends aU others in absorptive power. Add to 
this the direct and multiplied experiments by which the action of this substance on 
radiant heat has been established, and we have before us a body of evidence sufficient, 
I trust, to set this question for ever at rest, and to induce the meteorologist to apply 
without misgiving the radiant and absorbent property of aqueous vapour to the pheno- 
mena of his science. 

§5. 

The order and relative powers of absorption of our vapours, when equal volumes are 
compared, are given in Table X. : the chemical formulae of the substances, and the 
number of atoms which their molecules embrace, are as follows : — 
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Formula. Number of atoms in molecules. 

Bisulphide of Carbon . . . C S,^ 3 

Chloroform C H CI3 5 

Iodide of Methyl C H3 1 5 ^ 

Iodide of Ethyl Cg H5 1 8 

Benzol CgHg 12 

Amylene C5 15 

Alcohol CgHgO 9 

Formic Ether ...... C3 Hg Og 11 

Sulphuric Ether C4 Hjg O 15 

Acetic Ether C4 Hg Og 14 

Boracic Ether B Cg Hjg O3 25 


Here, for the first six vapours, the radiant and absorbent powers augment with the 
number of atoms contained in the molecules. Alcohol and amylene vapours, however, 
are nearly alike in absorptive power, the molecule of amylene containing 15 atoms, while 
that of alcohol embraces only 9. But in alcohol we have a third element introduced, 
which is absent in the amylene ; the oxygen of the alcohol gives its molecule such a 
character as enables it to transcend that of the amylene, though the latter contains the 
greater number of atoms. Here the idea of quality superadds itself to that of number. 
Acetic ether also has a less number of atoms in its molecule than sulphuric ether ; but 
whereas the latter has but one atom of oxygen, the former has two. Formic ether and 
sulphuric ether are almost identical in their absorptive powers for the heat here employed; 
still formic ether has but 11 atoms in its molecule, while sulphuric has 15. But formic 
ether possesses two atoms of oxygen, while sulphuric possesses only one. Two things 
here suggest themselves as influential on the absorbent and radiant power, which may 
be expressed by the terms multitude and complexity. As a molecule of multitude, amy- 
lene, for example, exceeds alcohol; as a molecule of complexity, alcohol exceeds 
amylene ; and in this case, as regards radiant and absorbent power, the complexity is 
more than a match for the multitude. The same remarks may be made with refer- 
ence to sulphuric and formic ether : the former excels in multitude, the latter in com- 
plexity, the excess in the one case almost exactly balancing that in the other. Adding 
two atoms of hydrogen and one of carbon to the formic ether, we obtain acetic ether, 
and by this addition the balance is turned; for though acetic ether falls short of sul- 
phuric ether in multitude, it transcends it in absorbent and radiant power. Outstand- 
ing fi-om all others, when equal volumes are compared, and signalizing itself by the 
enormous magnitude of its absorption, we have boracic ether, each molecule of which 
embraces no less than 25 atoms. The time now at my disposal enables me to do little 
more than glance at these singular facts ; but I must direct the attention of chemists to 
the water molecule : its power as a radiant and an absorbent is perfectly unprecedented 
and anomalous, if the usually recognized formula be correct. 
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§ 6 . 

In Table III. a fact is revealed which is worth a little further attention. The mea- 
surements there recorded show that the absorption of a layer of iodide of methyl, 
strongly coloured with iodine (which, doubtless, had been liberated by the action of 
light), was precisely the same as that of a perfectly transparent layer of the liquid. 
The iodine, which produced so marked an effect on Hght, did not sensibly affect the 
radiant heat emitted by the platinum spiral. Here are the numbers : — 


Al^rption. 

Iodide of Methyl (transparent) : 53-2 

Iodide of Methyl (strongly coloured with iodine) . . . 53'2 


In this case, the incandescent spiral, or a flame, was visible when looked at through 
the liquid; I therefore intentionally deepened the colour (a rich brown), by adding 
iodine, until the layer was of suflicient opacity to cut off wholly the light of a brilliant 
jet of gas. The transparency of the liquid to the radiant heat was not sensibly affected 
by the addition of the iodine. The luminous heat was of course cut off ; but this, as 
compared with the whole radiation, was so^smaU as to be insensible in the experiments. 

It is known that iodine dissolves Jheely in the bisulphide of carbon, the colour of the 
solution iu thin layers being a splendid purple ; but in layers of moderate thickness it 
may be rendered perfectly opaque to light. I dissolved in the liquid a quantity of the 
iodine sufficient, when introduced into a cell 0*07 of an inch wide, to cut off wholly the 
light of the most brilliant gas-flame. Comparing the opaque solution with the transpa- 
rent bisulphide, the following results were obtained : — 

Deflection. Absorption. 

Bisulphide of Carbon (opaque) .... 9-0 12’5 

Bisulphide of Carbon (transparent) . . . 9*0 12-5 

Here the presence of a quantity of iodine, perfectly opaque to a brilliant light, was with- 
out measureable effect upon the heat emanating from our platinum spiral. The liquid 
was sensibly thickened by the quantity of iodine dissolved in it. 

The same liquid was placed in a cell 0-27 of an inch in width ; that is to say, a solu- 
tion which was perfectly opaque to light, at a thickness of 0*07 was employed in a layer 
of nearly four times this thickness. Here are the results : — 

Deflection. Absorption. 

Bisulphide of Carbon (transparent) . . . 13*6 18-8 

Bisulphide of Carbon (opaque) .... 13*7 19*0 

The difference between the two measurements lies within the limits of possible error. 

Bisulphide of carbon is commonly used to fiU hollow prisms, when considerable dis- 
persion is sought for in the decomposition of white light. Such prisms, filled with the 
opaque solution, intercept entirely the luminous part of the spectrum, but allow the extra- 
red rays free passage. A heat-spectrum of the sun, or of the electric light, may be thus 
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obtained entirely separated from the luminous one. By means of a prism of the trans- 
par^t bisulphide, I determined the position of the spectrum of the electric light upon 
a screen, and behind the screen placed a thermo-electric pile so that when the screen 
was removed the extra-red rays fell upon the pile. I then substituted an op^ue prism 
for the transparent one : there was no visible spectrum on the screen ; but the removal 
of the latter at once demonstrated the existence of an invisible spectrum by the thermo- 
electric current which is generated, and which was powerful enough to dash violently 
aside the needles of a large lecture-room galvanometer. 

To what, then, are we to ascribe the deportment of iodine towards luminous and 
obscure heat 1 The difference between both qualities of heat is simply one of period : 
in the one case the weaves which convey the energy are short and of rapid recurrence ; 
in the other case they are long and of slow recurrence. The former are intercepted by 
the iodine, and the latter are allowed to pass. Why 1 There can, I think, be only one 
answer to this question — that the intercepted waves are those whose periods coincide 
with the periods of oscillation possible to the atoms of the dissolved iodine. Sup- 
posing waves of any period to impinge upon an assemblage of molecules of any other 
period, it is, I think, physically certain that a tremor of greater or less intensity will 
be set up among the molecules; but for the motion to acmmulate so as to produce 
sensible absorption, coincidence of period is necessaiy. Briefly defined, therefore, trans- 
parency is synonymous with discord, while opacity is synonymous with (wcord between 
the periods of the waves of ether and those of the molecules of the body on which they 
impinge. The opacity, then, of our solution of iodine to light shows that its atoms are 
competent to vibrate in all periods which lie within the limits of the \isible spectrum ; 
while its transparency to the extra-red undulations demonstrates the incompetency of 
its atoms to vibrate in unison with the longer waves. 

This simple conception will, I think, be found sufficient to conduct us with intel- 
lectual clearness through a multitude of otherwise perplexing phenomena. It may of 
course be applied immediately to that numerous class of bodies which are transparent 
to light, but opaque in a greater or less degree to radiant heat. Water, for example, is 
an eminent example of this class of bodies : while it allows the luminous rays to pass 
with freedom, it is highly opaque to all radiations emanating from obscure sources. A 
layer of this substance one-twentieth of an inch thick is competent, as Melloki has 
shown, to intercept all rays issuing from bodies heated under incandescence. Hence w^e 
may infer that, throughout the range of the visible spectrum, the periods of the water- 
molecules are in discord with those of the ethereal waves, while beyond the red we have 
coincidence between both. 

What is true of water is, of course, true in a less degree of glass, alum, calcareous 
spar, and of all the substances named in the first section of this paper. They are all in 
discord with the visible spectrum ; they are all more or less in accord with the extra- 
red undulations of the spectrum. 
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Thus also as regards lampblack : the blackness of the substance is due to the accord 
which reigns between' the oscillating periods of its atoms and those of the waves 
embraced within the limits of the visible spectrum. The substance w^hich is thus im- 
pervious to the luminous rays is moreover the very one from which the whitest light of 
our lamps is derived. It can absorb all the rays of the visible spectrum, it can also 
emit them. But though in a far less degree than iodine, lampblack is also to some 
extent transparent to the longer undulations. Melloni was the first to prove this ; and 
in an experiment described in a former memoir, I myself found that Bd per cent, of the 
radiation from an obscure source found its way through a layer of lampblack, which 
cut off totally the light of the most brilliant jet of gas. I shall have occasion to show 
that, for certain sources of heat of long period, between 40 and 60 per cent, of the 
entire radiation is transmitted by a layer of lampblack which is perfectly opaque to our 
most brilliant artificial lights. Hence, in the case of lampblack, while accord exists 
between the periods of its atoms and those of the light-exciting waves, discord, to a con- 
siderable extent, exists between the periods of the same atoms and those of the extra- 
red undulations. 

§7. 

The power of varying at wiU the temperature of the platinum spiral, renders it pecu- 
liarly suitable for the examination of the influence of temperature on the transmission 
of radiant heat. To obtain sources of different temperatures, Melloni resorted to 
lamps, to spirals heated to incandescence by the flame of alcohol, to copper laminae 
heated by flame, and to the surfaces of vessels containing boiling water. No conclu- 
sions regarding temperature can, as will afterwards be shown, be drawn h’om such 
experiments ; but by means of the platinum spiral we can go through all those changes 
of temperature, retaining throughout the same vihrating atoms, and we can therefore 
investigate how the alteration of the rate of vibration affects the rate of absorption. 
The following series of experiments were executed on the 9th of October, with a pla- 
tinum spiral raised to barely visible redness, and vapours at a tension of 0*5 of an inch. 

Table XII. — Radiation of heat through Vapours. Source of heat, platinum spiral 
barely visible in the dark. 


Name of vapour. 

Deflection. 

Absorption per 100. 

Bisulphide of Carbon . 

O 

. . 7-5 

6-51 

Bisulphide of Carbon . 

. . 7*45 

6*4l 

Chloroform .... 

. . 10-5 

9-11 

Chloroform .... 

. . 10-5 

9-l/ 

Iodide of Methyl . . 

. . 14-6 

12-6'! 

Iodide of Methyl . . 

. . 14-6 

12-6J 

Iodide of Ethyl , . , 

. , 24-2 

20-91 ^ 

Iodide of Ethyl . . . 

. . 24-5 

21-lJ 
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Table XII. (continued), 

Name of vapour. Deflection. 

Absorption per 100. 

Benzol .... 

. . 31^0 

26-71 

Benzol .... 

. . 30-0 

25-9J 

Amylene .... 

. . 37-6 

35-6-1 

Amylene .... 

. . 37-8 

35-9J’ 

Sulphuric Ether 

. . 4M 

43*41 

Sulphuric Ether 

. . 41-0 

43*4j 

Formic Ether . . 

. . 41-7 

45*01 

Formic Ether . . 

. . 41*8 

45*3J 

Acetic Ether . . 

. . 43-6 

49*81 

Acetic Ether . . 

. . 43-4 

49-3J 


On the 10th of October the following results were obtained with the same platinum 
spiral, raised to a white heat : — 

Table XIIL — Radiation of heat through Vapours. Source, white-hot platinum spiral. 


Name of vapour. 

Deflection. 

Absorption per 100. 

Bisulphide of Carbon . 

. . 3*5 

2-91 

Bisulphide of Carbon . 

. . 3*4 

2*8/ 

Chloroform .... 

. . 6*7 

5*61 

Chloroform .... 

. . 6*7 

5*6J 

Iodide of Methyl . . 

. . 9*2 

7-71 

Iodide of Methyl . . 

. . 9*4 

7*9J 

Iodide of Ethyl . . . 

. . 15*4 

13*01 

Iodide of Ethyl . . . 

. . 15*0 

12*6j 

Benzol 

. . 19*3 

lo-e^ 

Benzol 

. , 19*0 

16-4J 

Total heat .... 

. . 59*2 

100*0 

Amylene 

. . 27*6 

22*61 

Amylene 

. . 27*7 

22-7J 

Formic Ether . . . 

. . 30*5 

25*01 

Formic Ether . . . 

. . 30*7 

25*21 

Sulphuric Ether . . 

. . 31*4 

25*71 

Sulphuric Ether . . 

. . 31*7 

26*0J 

Acetic Ether . . , 

. . 33*0 

27*01 

Acetic Ether . , . 

. . 33*2 

'27*3J 

Total heat .... 

. . 60*0 

100*0 


3 a2 
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With the same spirsd, brought still nearer to its point of fusion, the following results 
were obtained with four of the vapours ; — 

Table XIV. — Eadiation through Vapours. Source, platinum spiral at an intense white 

heat. 


Xame of vapour. 

Deflection. 

Absorption. 

Bisulphide of Carbon . . 

. 1T5 

2*5) 

Bisulphide of Carbon . . 

. 14-5 

2 -Si 

Chloroform 

. 23-0 

3-9| 

Chloroform 

. 23-0 

3*9) 

Formic Ether .... 

. 60-4 

21-3) 

Formic Ether .... 

. 60-5 

21-3i 

Sulphuric Ether . . . 

. 62-3 

23-6) 

Sulphuric Ether . . . 

. 62-5 

23-8) 

Total heat ..... 

. 82-7 

100*0 


In the experiments recorded in the foregoing Table, a total heat of 82‘^*7, or 588 
units, was employed ; and to test whether the absorption calculated from this high total 
agreed ^vith the absorptions calculated from a low total, a portion of the current was 
diverted, the branch passing through the galvanometer producing a deflection of 40‘'*4. 
This corresponds to 77 units. The source, it will be obsen^ed, is here quite unchanged ; 
the rays are of the same quality, and pass through the tube in the same quantity as 
before ; but in the one case the absorption is calculated from the deflection among the 
high degrees, and in the other case it is calculated from deflections among the low 
degrees of the galvanometer. 

The experiments were limited to formic and sulphuric ether, with the following 
results : — 

Deflection. Absorption. Absori}tion from Table XIV. 

Formic Ether . , 17*7 23 21*3 

Sulphuric Ether , . 19T 24*8 23*7 

The agreement is such as to prove that no material error can have crept into the cali- 
bration. 

Placing the results obtained with the respective sources side by side, the influence of 
temperature on the transmission comes out in a very decided manner. 
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Table XV. — Absorption of heat by Vapoiirs. Tension 0*5 of an inch. 

Hame of vapour. Source, platinum spiral. 



Barely visible. 

Bright red. 

White hot. 

Near fusion. 

Bisulphide of Carbon 

. 6*5 

4*7 

2*9 

'2*5 

Chloroform . . 

. 9-1 

6*3 

5*6 

3*9 

Iodide of Methyl 

. 12*5 

9*6 

7*8 


Iodide of Ethyl . . 

. 21*0 

17*7 

12*8 


Benzol 

. 26*3 

20*6 

16*5 


Amylene .... 

. 35*8 

27*5 

22*7 


Sulphuric Ether . . 

. 43*4 

31*4 

25*9 

23*7 

Foi’mic Ether . . . 

. 45*2 

31*9 

25*1 

21*3 

Acetic Ether . . . 

. 49*6 

34*6 

27*2 



The gradual augmentation of penetrative power as the temperature is augmented is 
here very manifest. By raising the spiral from a barely visible heat to an intense white 
heat, we reduce the absorption, in the cases of bisulphide of carbon and chloroform, to 
less than one-half. At barely visible redness, moreover, 56*6 and 54*8 per 100 get 
through sulphuric and formic ether respectively ; while, of the intensely white-hot spiral. 
76*3 and 78*7 per 100 pass through the same vapours. By augmenting the tempera- 
ture of solid platinum, we introduce into the radiation waves of shorter period, which, 
being in discord with the periods of the vapours, get more easily through them. 

What becomes of the more slowly recurrent vibrations as the more rapid ones are 
introduced! Do the latter take the place of the former? This question is answ^ered 
by experiments made with an opaque solution of iodine, and with lampblack. As the 
temperature of the platinum spiral increases from a dark heat to the most intense w^hite 
heat, the absolute quantity transmitted through both these bodies steadily augments. 
But this heat is wholly obscure, for both the solution and the lampblack intercept all 
the luminous heat. Hence the conclusion that the augmentation of temperature which 
introduces the shorter waves augments at the same time the amphtude of the longer 
ones, and hence also the inference that a body like the sun must of necessity include in 
its radiation waves of the same period as those emitted by obscure bodies. 

§ 8 . 

Bunning the eye along the numbers which express the absorptions of sulphuric and 
formic ether in Table XV., we find that, for the lowest heat, the absorption of the latter 
exceeds that of the former; for a bright red heat they are nearly equal, but the formic still 
retains a slight predominance ; at a white heat, however, the sulphuric slips in advance, 
and at the heat near fusion its predominance is decided. I have tested this result in 
various ways, and by multiplied experiments, and placed it beyond doubt. We may at 
on(» infer from it that the capacity of the molecule of formic ether to enter into rapid 
vibi^tion is less than that of sulphuric. By augmenting the temperature of the spiral 
we produce vibrations of quicker periods, and the more of these that are introduced, the 
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more transparent, in comparison with sulphuric ether, does formic ether become. Thus 
what I have called its ‘Complexity tells upon the vibrating periods of the formic ether ; 
the atom of oxygen which it possesses in excess of sulphuric ether renders it more 
sluggish as a vibrator. Experiments made with a source of 212° Fahr. establish more 
decidedly the preponderance of the formic ether for vibrations of slow period. 

Table XYL . — Kadiation through Vapours. Source, Leslie’s cube, coated with lamp- 
black. Temperature, 212° Fahr. 


Kame of vapour. Absorption. 


Bisulphide of Carbon . . . ^ 

6-4 

Iodide of Methyl .... 

18*4 

Chloroform 

19*5 

Sulphuric Ether .... 

54-8 

Formic Ether 

60-9 


For heat issuing from this source, the absorption by formic ether is 6T per cent, in 
excess of that by sulphuiic. 

Deeming the result worthy of rigid confirmation, I repeated the experiments, and 
obtained the following deflections : — 


Table XVII. 


Name of vapour. 

' Deflections 

Bisulphide of Carbon . 

. . . 93 

Iodide of Methyl . . 

. . . 26-0 

Chloroform .... 

. . . 265 

Iodide of Ethyl . . . 

. . . 34-0 

Benzol 

. , . 35-5 

Amylene 

. . . 46*8 

Sulphuric Ether . . 

. . . 47-3/ 

Sulphuric Ether . . 

. . . 47-7/ 

Formic Ether . . . 

. . . 49-7f 

Formic Ether . . . 

. . . 49-9f 

Acetic Ether .... 

. . . 5F4 


When the absorptions were calculated from these deflections, the absorption of formic 
ether was found to be 6 '3 per cent, in advance of that of sulphuric. 

But in both Tables XVI. and XVII. we notice another case of reversal. In all the 
experiments with the platinum spiral recorded in Table XV., chloroform showed itself 
less energetic as an absorber than iodide of methyl ; but in Tables XVI. and XVII. 
chloroform shows itself to be decidedly the more powerful of the two. C^s of this 
kind have, in my estimation, a peculiar significance, and I therefore take care to verify 
them. The experiments with all the vapours were therefore repeated, with the follow- 
ing results : — 
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Table XVIII. — Radiation through Vapours. Source, Leslie’s cube at 212° Fahr. 

Hame of vapoiir. 

Deflection, 

Absorption. 

Bisulphide of Carbon . . 15*0 

6-6 

Iodide of Methyl 

. . . . 38*3 

18*8 

Chloroform . . 

.... 40*7 

21*6 

Iodide of Ethyl 

.... 46*2 

29-0 

Benzol . . . 

.... 50*0 

34*5 

Amylene . . 

. . . . 57*8 

47*1 

Sulphuric Ether 

. . . . 60*3 

54*1 

Formic Ether . 

. . . . 62*1 

60*4 

Acetic Ether . 

.... 64*3 

69-9 

Total heat . . 

. . . . 71*4 

100*0 

llie absorption by formic ether is 

here also 6*3 per cent, in 

excess of that effected by 

sulphuric ether ; while, as in the last two Tables, chloroform excels iodide of methyl. 

Preserving the quality of the heat unchanged, but reducing its quantity from 71°*4 
=227 units to 52°*3=86*5 units, the following results were obtained: — 


Table XIX. 


Name of vapour. 

Deflection. 

Absorption. 

Iodide of Methyl 

. . . . 16*5 

18*3 

Chloroform . . 

. . . . 18*5 

20*6 

Iodide of Ethyl 

. . . . 24-4 

27*1 

Benzol . . . 

. . . . 30*0 

33*3 

Amylene . . 

. . . . 38*6 

48*6 

Sulphuric Ether 

. . . . 40*3 

53*2 

Foraiic Ether . 

. . . . 42*8 

60*0 


Placing the figures of Tables XVI., XVIII. and XIX. side by side, we have an oppor- 
tunity of seeing how results obtained on different days check each other. 


Table XX. — Source, blackened cube of boiling water. 


Name of vapour. 


Absorptions from 

A 



Table XVI. 

Table XVIII. 

Table XIX.^ 

Bisulphide of Carbon . . 

. 6*4 

6*6 


Iodide of Methyl . . . 

. 18*4 

18*8 

18*3 

Chloroform 

- 19*5 

21*6 

20*6 

Iodide of Ethyl . . . 

. 

29*0 

27*1 

Benzol . .... 

. 

34*5 

33*3 

Amylene 

. 

47*1 

48*6 

Sulphuric Ether . . . 

. 54*8 

54*1 

53*2 

Formic Ether .... 

. 60*9 

60*4 

60*0 

Acetic Ether .... 



69*9 
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Were it essential tp my purpose, I should certainly be able to make even the small 
differences which here show themselves to disappear. But the agreement is such as to 
place the reliability of the experiments beyond doubt. It will he seen that^ contrary to the 
results obtained with a white-hot spiral^ in all three cases, where a hlacTcmsd cule of boil- 
ing water was the source, chloroform exceeds iodide of methyl, and formic ether exceeds 
sul;phuric in aJbsorbent power. To confirm the demonstmtion, I once more resorted to 
the white-hot spiral, and obtained the following results : — 


Table XXI. — ^Radiation through Vapours. Source, white-hot platinum spiral. 


Name of vapour. 

Deflection. 

Absorption. 

Chloroform 

. 9-8 

4*5 

Chloroform 

. 9-5 

4*5 

Iodide of Methyl . . . 

. 16-0 

7*3 

Iodide of Methyl . . . 

. 15-8 

7-3 

Formic Ether .... 

. 421 

24'2 

Formic Ether .... 

. 42*3 

24-5 

Sulphuric Ether . . . 

. 43-6 

26-3 

Sulphuric Ether . . . 

. 43-5 

26-2 

Total heat 

. 70-9 

100*0 

Here chloroform retreats once more behind 

iodide of methyl, and formic ether behind 

sulphuric. 



The positions of sulphuric and formic ether are reversed within the range of the 
experiments made with the platinum spiral, but this is not the case with the chloroform 
and the iodide of methyl. Even when the spiral was at a barely visible heat, the iodide 

w^as decidedly the most opaque of the twro 

the same result was obtained with a spiral 

heated under redness, as proved by the following figures : — 


Name of vapour. 

Deflection, 

Absorption. 

Chloroform ..... 

. 8-5 

12*14 

Chloroform 

, 8-5 

12*14 

Iodide of Methyl . . . 

. 10-0 

14*28 

Iodide of Methyl . . . 

. 10-0 

14*28 

Total heat 

. 47*3 

100*0 


Here the iodide is stiU predominant. Is it, then, a question of temperature merely 1 
or is there a special flux emitted by the lampblack, to which chloroform is particularly 
opaque t In other words, is there a special accord between the rates of vibration of 
lampblack and chloroform I To answer this question I operated thus : — ^The platinum 
spiral was heated by only two cells, and the strength of this current was lowered by the 
introduction of resistance. When decidedly below a red heat, the spiral was plunged 
into boiling water. Bubbles of steam issued from it, proving that its temperature was 
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above 212° Fahr. By augmenting the resistance its heat was lowered, until it was no 
longer competent to produce the least ebullition. It was then withdrawn firom the 
water, and employed as a source : the foUowing are the results : — 

V 

Table XXII. — Source, platinum spiral at 100° C. 


Xame of vapour. Defiectaon. Absorption. 

Bisulphide of Carbon . . 5*7 7’03 

Chloroform 14*0 16’8 

Iodide of Methyl .... 15*3 18-0 


No reversal was here obtained. The temperature was then reduced so that the total 
heat fell from 81 units to 59 units ; but not even in this case (when the temperature was 
considerably below that of boiling water) could the reversal be obtained. The absorp- 
tions approach each other, but the iodide has still the advantage of the chloroform. 

Table XXIII. — Source, platinum spiral, heated under 100^ C. 


Name of vapour. Deflection. Absorption. 

Bisulphide of Carbon . . . 5*2 9*2 

Chloroform 10*0 17*3 

Iodide of Methyl .... 10*8 18*2 


It is not, therefore, temperature alone which determines the inversion : the experiments 
prove that there is a greater sjnchronism between the vibrating periods of chloroform 
and lampblack than between those of chloroform and platinum raised to the tempera- 
ture of the lampblack. It will be seen, however, that as the temperature of the plati- 
num falls, the opacity of the chloroform increases more quickly than that of the iodide : 
with an intensely white-hot spiral, as shown in Table XXI., the absorption of chloro- 
form is to that of the iodide as 100 : 162, while, with the spiral heated to a temperature 
of 212° Fahr., the ratio of the absorptions is as 100 : 105. 

§9. 

We have hitherto occupied ourselves with the radiation from heated solids: I will 
now pass on to the examination of the radiation from flames. The first experiments 
were made vrith a steady jet of gas issuing from a small circular burner, the flame being 
long and tapering. The top and bottom of the flame were excluded, and its most 
brilliant portion was chosen as the source. The following results were obtained : — 
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Table XXIV. — ^Radiation of heat through Vapours. Source, a highly lumiuous jet 


of gas. 

Kame of Tapour, Deflection. Absorption. White-hot ^iial. 

Bisulphide of Caihon .... 8*9 9*8 2*9 

Chloroform ....... 10*9 12*0 5*6 

Iodide of Methyl 15*4 16*5 7*8 

Iodide of Ethyl 17*7 19*5 12*8 

Benzol 20*0 22*0 16*5 

Amylene 27*5 30*2 22*7 

Eormic Ether 31*5 34*6 25*1 

Sulphuric Ether 32*5 35*7 25*9 

Acetic Ether 34*2 38*7 27*2 

Total heat 53*8 100*0 


It is interesting to compare the heat emitted by the white-hot carbon with that 
emitted by the white-hot platinum ; and to facilitate the comparison, I have placed 
beside the results in the last Table those recorded in Table XIII. The emission from 
the flame is thus proved to be far more powerfully absorbed than the emission from the 
spiral. Doubtless, however, the cai*bon, in reaching incandescence, passes through lower 
stages of temperature, and in those stages emits heat more in accord with the vapours. 
It is also mixed with the vapour of water and carbonic acid, both of which contribute 
their quota to the total radiation. It is therefore probable that the greater accord 
between the periods of the flame and those of the vapours is due to the slower periods 
of the substances which are unavoidably mixed with the body to which the flame mainly 
owes its light. 

The next source of heat employed was the flame of a BrasEX’s burner, the tempera- 
ture of which is knowm to be very high. The flame was of a pale-blue colour, and 
emitted a very feeble light. The following results were obtained : — 


Table XXV. — ^Radiation of heat through Vapours. 

Bu2fSE2ir’s burner. 


Eame of vapour. 

Deflection. 

Chloroform 

. 5*0 

Bisulphide of Carbon . . . 

. 9*0 

Iodide of Ethyl ..... 

. 11*3 

Benzol . 

. 14*5 

Amylene 

. 19*6 

Sulphuric Ether 

. 25*8 

Formic Ether 

. 27*0 

Acetic Ether 

. 29*4 

Total heat 

. 50*6 


Source, pale-blue flame of 

From Table XXIY. 
Absorption. Lnminons jet of ps. 

6*2 12*0 

11*1 9*8 

14*0 19*5 

17*9 22-0 

24*2 30*2 

31*9 35*7 

33*3 34*6 

36*3 38*7 

100*0 


100*0 
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The total h^t radiated from the fiame of BtTNSEifs bttmer is greatly less than that 
radiated when the incandescent carbon is present in the flame. The moment the air is 
pennitted to mix with the luminous flame, the radiation falls so considerably that the 
duninution is at once detected, even by the hand or fac^ brou^t near the flame. Com- 
jmring Tables XXIV. and XXV., we see that the radiation from the BuKSEjf’s burner 
is, on the whole, less powerfully absorbed than that from the luminous gas jet. In some 
c^es, as in that of formic ether, they come very close to each other ; in the case of amy- 
lene, and a few other mbstances, they differ more markedly. But an extremely inter- 
^ting case of reversal here shows itself. Bisulphide of carbon, instead of being first, 
stands decidedly below chloroform. With the luminous jet, the absorption of bisul- 
phide of carbon is to that of chloroform as 100 : 122, while with the fiame of Bu^se^t’s 
burner the ratio is 100:56; the removal of the carbon from the flame more than doubles 
the relative transparency of the chloroform. The case is of too much interest to be 
passed over without verification : here is the result obtained with a different total heat : — 


Deflection. Absorption.' 

Chloroform 16*5 84 

Chloroform 10*0 8 ’2 

Bisulphide of Carbon . . . 19*0 9*7 

Bisulphide of Carbon ... 19*4 9*9 

Total heat 68*4 100*0 

And again, mth an intermediate total heat, — 

Deflection. Absorption. 

Chloroform 10*2 8*4 

Chloroform ...... 10*0 8*4 

Bisulphide of Carbon . . . 12*0 9*8 

Bisulphide of Carbon ... 11*8 9*7 

Total heat 60*0 100*0 


There is therefore no doubt that, while in the case of a platinum spiral at all tempera- 
tures, of a luminous gas flame, and, more especially, in the case of lampblack heated 
to 212® Fahr. the absorption of chloroform exceeds that of bisulphide of caibon, for the 
flame of Bunsek’s burner the bisulphide is the more powerful absorber of the two. The 
absorptive energy of the chloroform, as shown in Table XX., is more than three times 
that of the bisulphide, while in Table XXV. the action of the bisulphide is nearly twice 
that of the chloroform. We have here, moreover, another instance of the reversal of 
formic and sulphuric ether. For the luminous jet the sulphuric ether is decidedly the 
more opaque ; for the flame of Bunsen’s burner it is excelled in opacity by the formic. 

§ 10 , 

The main radiating bodies in the flame of a Bunsen’s burner are, no doubt, aqueous 

3b2 
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vapour and carbonic acid. Highly heated nitrogen is also present, which may produce 
a sensible effect : the unburnt gas, moreover, in proximity with the flmne, and warmed 
by it, may contribute to the radiation, even before it unites wdth the atmospheric oxygen. 
But the main source of the radiation is, no doubt, the aqueous vapour and the carbonic 
acid. I wished to separate these two constituents, and to study them separately. The 
radiation of aqueous vapour could be obtained from a flame of pure hydrogen, while 
that of carbonic acid could be obtained from an ignited jet of carbonic oxide. To me 
the radiation from the hydrogen-flame possessed a peculiar interest ; for notwithstand- 
ing the high temperature of such a flame, I thought it likely that the accord between its 
periods of vibration and those of the cool aqueous vapour of the atmosphere would s'till 
be such as to cause the atmospheric vapour to exert a special absorbent power upon the 
radiation. The following experiments test this surmise : — 

Table XXVI. — Kadiation through Atmospheric Air. Source, a hydrogen-flamer 


Deflection. Absorption. 

Dry air 0 0 

Undried air .... 21*5 17*20 

Total heat 60*4 100*0 


Thus, in a polished tube 4 feet long, the aqueous vapour of our laboratory air absorbed 
17 per cent, of the radiation from the hydrogen-flame. A platinum spiral, raised by 
electricity to a degree of incandescence not greater than that obtainable by plunging a 
wire into the hydrogen-flame, was used as a source of heat,* of its radiation, the undried 
air of the laboratory absorbed 

5*8 per cent,, 

or one-third of the quantity absorbed when the flame of hydrogen was employed. 

The plunging of a spiral of platinum wire into the flame reduces its temperature ; but 
it at the same time introduces vibrations which are not in accord with tiiose of aqueous 
vapour: the absorption by ordinary undried air of heat emitted by this composite 
source amounted to 

8*6 per cent. 

Oh humid days the absorption of the rays emitted by a hydrogen-flame exceeds even 
the above large figure. Employing the same experimental tube and a new burner, the 
experiments were repeated some days subsequently, with the following result : — 

Table XXVII. — Kadiation through Air. Source, hydrogen-flame. 

Absorption. 

Dry air 0 

Undried air ... . 20*3 

The undried air here made use of embraced the carbonic acid of the atmosphere ; after 
the foregoing experiments, the air was conducted through a tube containing a solution 
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of caustic potash, in which the caxbonic acid was intercepted, while the air charged 
itself with a little additional moisture. The absorption then observed amounted to 

20*3 per cent. 

of the entire radiation. The exact agreement of this Tvith the last result is, of course, 
an accident ; the additional humidity of the air derived from the solution of potash 
happened to compensate for the action of the carbonic acid withdrawn. 

The other component of the flame of Bujtsejv’s burner is carbonic acid ; and the radia- 
tion of this substance is immediately obtained from a flame of carbonic oxide. With the 
air of the laboratory the followdug results were obtained : — 

Table XXYIIL — Radiation through Atmospheric Air. Source, carbonic-oxide flame 


(very small). 

Deflection. Absorption. 

Dry air 0 0 

Undried air ... . 10*0 16T 


Of the heat emitted by carbonic acid, 16 per cent, was absorbed by the common air 
of the laboratory. After the air had been passed through sulphuric acid, the aqueous 
vapour being thus removed while the carbonic acid remained, the absorption was 13*8 
per cent. 

An india-rubber bag was filled from the lungs; it contained therefore both the aqueous 
vapour and the carbonic acid of the breath. The air from the bag was conducted through 
a drying apparatus, the mixed air and carbonic acid being permitted to enter the expe- 
rimental tube. The following results were obtained : — 

Table XXIX. — Air from the lungs containing C Og. Source, carbonic-oxide flame. 


Tension in inches. 

Deflection, 

Absorption. 

I 

7*2 

12*0 

3 

15*0 

25*0 

5 

20*0 

33*3 

30 

30*8 

50*0 


Thus the tube filled with dry air from the lungs intercepted 50 per cent, of the entire 
radiation fi:om a carbonic-oxide flame. It is quite manifest that we have here a means 
of testing with surpassing delicacy the amount of carbonic acid emitted under various 
circumstances by the act of expiration. 

That pure carbonic acid is highly opaque to the radiation from the carbonic-oxide 
flame, is forcibly evidenced by the results recorded in the following Table. 



^6 moimmn rnmALL’s coNiEiBirTioHs MOLmiLAE physics. 


Table XXX. 

Eadiation tlirotigh dry CaTbonic Add. Source, carbonic-oxide flame. 


Tension in inclies. 

Deflection. 

Absorption, 

1-0 

33-7 

§3*0 

2-0 

37-0 

61-7 

3-0 

38*6 

66*9 

4*0 

39*4 

70-0 

5-0 

40-0 

72-3 

10-0 

41-4 

78*7 

About four months subsequent to the peiformance of these experiments they were 
repeated, using as a source a much smaller flame of carbonic oxide. The absorptions 
were found somewhat less, but still very high. They follow in the next Table. 


Table XXXL 


Radiation through dry Carbonic Acid. Source, small carbonic-oxide flame. 

Tension in inches. 

IMection. 

Absorption. 

1*0 

lf-3 

48-0 

2-0 

20-0 

55*5 

3-0 

21*7 

60*3 

4-0 

22*8 

65*1 

5*0 

24*0 

68*6 

10-0 

26-0 

74-3 

For the rays emanating from the heated solids employed in all my former researches, 
carbonic add proved to be one of the most feeble absorbers ; but here, when the waves 
sent into it emanate from molecules of its own substance, its absorbent energy is enormous. 
The thirtieth of an atmosphere of the gas cuts off half the entire radiation; while at a 
tension of 4 inches, nearly 70 per cent, of the whole radiation is intercepted. 

The energy of olefiant gas, both 

as an absorbent and a radiant, is well known ; for 

the solid sources of heat just referred to, its power is incomparably greater than that of 
carbonic acid ; but, for the radiation from the carbonic-oxide flame, the power of olefiant 

gas is feeble when compared with that of carbonic acid, 
ments recorded in the following Table : — 

This is proved by the experi- 


Table XXXII. 


Radiation through dry Olefiant Gas. Source, carbonic-oxide flame. 

Tension in indiM. 

Deflection. 

ATi^rption. 

1 

170 

24*2 

2 

26*0 

37*1 

4 

33*0 

49*1 

Total heat . 

. 47*3 

100-0 
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Four months subsequent to the performance of the above experiments, a i^ond series 
were made with olefiant gas, and the following results obtained : — 

Table XXXin. 

Eadiation through dry Olefiant Gas. Source, small carbonic-oxide flame. 


T^iMoa in inch^ 

Beflection. 

Absorption. 

Brom Table XXXI. 

1-0 

0 

11*4 

23*2 

48*0 

2-0 

17-0 

34*7 

55*5 

3-0 

21*6 

44*0 

60*3 

4*0 

24*8 

50*6 

65*1 

5-0 

27*0 

55*1 

68*6 

10-0 

321 

65*5 

74*3 


Beside the absorption by olefiant gas, I have placed that by carbonic acid derived 
from Table XXXI. The superior power of the aci^ is most decided in the smaller 
tensions ; at a tension of an inch it is twice that of the olefiant gas. The substances 
approach each other more closely as the quantity of gas augments. Here, in fact, both 
of them approach perfect opacity ; and as they draw near to this common limit, their 
absorptions, as a matter of course, approximate. 

The temperature of a hydrogen-flame, as calculated by BIjxsex, is 3259® C., while that 
of a carbonic-oxidc flame is 3042° C. The foregoing experiments demonstrate that 
accord subsists between the oscillating periods of these soui’ces and the periods of 
aqueous vapour and carbonic acid at a temperature of 15° C. The heat of the flame 
goes to augment the amplitude, and not to quicken the ribration. 


Sent through carbonic oxide, the radiation from the carbonic-oxide flame gave the 
following absorptions : — 

Table XXXIV. 


Kadiation through Carbonic Oxide. 

Source, carbonic-oxide flame. 

Tension in inches. 

Deflection. 

Absorption. 

1 

180 

29*0 

2 

27*0 

43*5 

4 

34*0 

56*4 

10 

37*3 

65*5 


The absorptive energy is here high — greater, indeed, than that of olefiant gas ; it 
fells considerably short, however, of that exhibited by carbonic acid. This result shows 
us that the main radiant in the flame is its product of combustion, and not the carbonic 
oxide heated prior to combustion. 

Wishing to examine the radiation from a flame whose product of combustion is 
sulphurous acid, throi^h sulphurous acid, I resorted to the flame of bisulphide of carbon. 
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Here, however,® we had carbonic acid mixed with the sulphurous acid of the dame. 
Of the heat radiated by this composite source, the absorption by an atmosphere of 
sulphurous acid amounted to 

60 per cent. 

The gas was sent from its generating retort through drying-tubes of sulphuric acid into 
a glass experimental tube 2-8 feet long. The comparative shortness of the tube, and 
the mixed character of the radiation, rendered the absorption less than it would have 
been had a source of pure sulphurous acid and a tube as long as that used in the other 
experiments been employed. 

I subsequently caused the radiation from the carbonic-oxide flame to pass through a 
few of our vapours, with the following results : — 

Table XXXY. 


Eadiation through Vapours (tension 0*5 inch). Source, carbonic-oxide flame. 


Name of vapour. 

Deflection. 

Absorption. 

Bisulphide of Carbon . . 

. 6*5 

9*8 

Chloroform 

. 6*0 

10*7 

Formic Ether 

. 14*5 

25*8 

Sulphuric Ether .... 

. 18*0 

32*1 

Total heat 

. 43*0 

100*0 

The same vapours were employed to test the radiation from the hydrogen-flame, 
the following results : — 

Table XXXVI. 

Eadiation through Vapours (tension 

0*5 inch). 

Source, hydrogen-flame. 

Name of vapour. 

Deflection. 

Absorption. 

Bisulphide of Carbon . . 

epo 

do 

11*9 

Chloroform . . . * . 

. 9*9 

13*4 

Sulphuric Ether .... 

. 32*0 

42*2 

Formic Ether 

. 35*0 

49*3 

Total heat 

. 48*5 

, 100*0 


We here find that, in the case of every one of the four vapours, the synchronism 
with hot aqueous vapour is greater than with hot carbonic acid. The temperature of 
the hydrogen-flame is higher than that of the carbonic oxide ; but the radiation from the 
more intense source is most copiously absorbed. It has been already proved that, for 
waves of slow period, formic ether is more absorbent than sulphuric ether ; while for 
waves of rapid period, the sulphuric ether is the more powerful absorber. For the 
radiation from hot carbonic acid, the absorption of sulphuric ether, as shown in Table 
XXXV., is between 6 and 7 per cent, in excess of that of formic ether ; while for the 
radiation from hot aqueous vapour, the absorption by formic ether, as shown in Table 
XXXVI., is 7 per cent, in excess of that by sulphuric. That the periods of aqueous 
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vapour, as compared with those of carbonic acid, are slow, may therefore be inferred 
from these experiments. 

The two following Tables illustrate the action of carbonic acid gas and olefiant gas 
respectively, on the radiation from a flame of hydrogen : — 

Table XXXVII. — Radiation tlirough Carbonic Acid Gas. Source, hydrogen-flame. 


Teusiou in in dies. 

Deflection. 

Absorption. 

1 

5-0 

7-4 

2 

9*5 

12*8 

4 

11-0 

14*9 

30 

190 

25*7 

Total heat . . . 

. 48*5 

100-0 


Table XXXAHII.- 

•Radiation through 

Olefiant Gas. 

Source, hydrogen-flame. 

Tension in inches. 

Deflection. 

Absorption. 

From Table YAXYII, 

1 

12-0 

16*2 

7*4 

2 

18-0 

24*3 

12*8 

4 

24-0 

32*4 

14-9 

30 

38-5 

58*8 

25*7 

Total heat 

. . 48*5 

100*0 

100*0 


A comparison of the last two columns, one of which is transferred from Table 
XXXVII., proves the absorption of the rays from a hydrogen-flame by olefiant gas to 
be about twice that of carbonic acid; while, when the source uas a carbonic oxide 
flame, the absorption l>y carbonic acid at small tensions was more than twice that effected 
bv olefiant gas. 

§ 11 . 

AYater at moderate thickness is a very transparent substance; that is to say, the 
periods of its molecules are in discord with those of the visible spectrum. It is also 
highly transparent to the extra-violet rays ; so that we may safely infer from the deport- 
ment of this substance its incompetence to enter into rapid molecular ribration. AVhen, 
however, we once quit the visible spectrum for the rays beyond the red, the opacity of 
the substance begins to show itself: for such rays, indeed, its absorbent power is 
unequalled. The synchronism of the periods of the 'water-molecules with those of the 
extra-red waves is thus demonstrated. I have already proved that undried atmospheric 
air manifests an extraordinary opacity for the radiation from a hydrogen-flame, and from 
this deportment I inferred the synchronism of the cold vapour of the air and the hot 
vapour of the flame. The vibrating-period of a molecule is, no doubt, determined b}' 
the elastic forces which separate it from other molecules, and it is worth inquiring how 
these forces are affected when a change so great as that of the passage of a vapom* to a 
liquid occurs. The fact established in the earlier sections of this paper, that the ordei* 
of absorption for liquids and their vapours is the same, renders it extremely probable 
MDCCCLXH. 3 c 
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that the j>eriod of ’vibration is not materially affected by the change from vapour to 
liquid ; for, if changed, it would probably be changed in different degrees for the 
different liquids, and the order of absorption would be thereby disturbed*. The follow- 
ing Table, in which the deportment of our series of liquids towards the radiation from 
a hydrogen-flame is recorded, will throw additional light upon this question : — 


Table XXXIX. — Eadiation though Liquids. Source, hydrogen-flame. Thickness 
of liquid layer 0*07 of an inch. 


Xame of liquid. 

Absorptiou. 

Transmission. 

Bisulphide of Carbon . 

. . 27*7 

72-3 

Chloroform . , . . 

. . 49*3 

50-7 

Iodide of Ethyl . . . 

. . 75*6 

24-4 

Benzol 

. . 82-3 

17-7 

Amylene 

. . 87-9 

12-1 

Sulphuric Ether . . 

. . 92-6 

7*4 

Formic Ether . . . 

. . 93-5 

6-5 

Acetic Ether . . . 

. . 93-9 

6-1 

Water 

. . 100-0 

0-0 


Through a layer of water 9-21 millimetres thick, Melloxi found a traasmission of 
11 per cent, of the heat of a Locatelli lamp. Here we employ a source of liigher tem- 
perature, and a layer of water only one-fifth of the thickness used by Melloxi, and 
still we find the whole of the heat intercepted f. A layer of water, OB 7 of an inch in 
thickness, is sensibly opaque to the radiation from a hydrogen-flame. Hence we may 
infer the coincidence in period between cold water and aqueous vapour heated to a 
temperatun' of 3259° C.; and inasmuch as the period of the water-molecules has been 
proved to be extra-red, the period of the vapour-molecules in the hydrogen-flame must 
be extra-red also. 


Another point of considerable interest may here be adverted to. Professor Stokes has 
demonstrated that a change of period is possible to those rays which belong to the violet 
and extra- violet end of the spectrum, the change showing itself by a degradation of the 
refr'angibility. That is to say, vibrations of a rapid period are absorbed, and the 
absorbing substance has become the soiuce of vibrations of a longer period. Efforts, I 
believe, have been made to obtain an analogous result at the red end of the spectrum, but 
hitherto mthout result ; and it has been considered improbable that a change of period 
can occur which should raise the refrangibility of the light or heat. Such a change, I 


* TLe general agreement, in point of colour between a liquid and its vapour, favours the idea that the period, 
at £di events in the great majority of cases, remains constant when the state of aggregation is changed. 

t From the opacity ol water to the radiation fiv)m aqueous vapour, we may infer the opacity of aqueous 
vapour to the radiation from water, and hence conclude that the very act of nocturnal refrigeration which 
causes the condensation of water on the earth’s surface gives to terrestrial radiation that partieniar character 
which renders it most liable to be intercepted by the aqueous vapour of the air. 
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believe, occurs when we plunge a platinum wire into a hydrogen-fiame. The platinum 
is rendered white by the collision of molecules whose periods of oscillation are in- 
competent to, excite vision. There is in this common experiment an actual » breaking 
up of the long periods into short ones — a true rendering of unvisual periods visual. 
The change of refrangibility differs from that of Professor Stokes, firstly, in its being in 
the opposite direction — that is, from low to high ; and secondly, in the circumstance that 
the platinum is heated by the collision of the molecules of aqueous vapour, and before 
their heat has assumed the radiant form. But it cannot be doubted that the same 
effect would be produced by radiant heat of the same period, provided the motion of the 
ether could be raised to a sufficient intensity. The effect in principle is the same, whi - 
ther we consider the platinum wii’e to be struck by a particle of aqueous vapour oscil- 
lating at a certain rate, or by a particle of ether oscillating at the same rate. And 
thus, I imagine, by a chain of rigid reasoning, we arrive at the conclusion that a degree 
of incandescence, equal to that of the sun itself, might be produced by the impact of 
waves, of themselves incompetent to excite rision*. 

The change of quality produced in the radiation by the introduction of a platinum 
spiral into a hydrogen-flame is illustrated by a series of experiments, executed for me by 
my assistant, Mr. Baekett. and inserted subsequently to the presentation of this memoir. 

Table XXXIX. a , — Badiation through Liquids. Sources: 1. hydrogen-flame; 

2. hydrogen-flame and platinum spiral. 


Transmis.e.ion. 

, V- 

Yame of liquid. oi liquid 0-04 iu h. Thickue&s of liquid U-tj7 inch. 

Flame oiik. Flume and spiral. Flame only. Flame and spiral. 

Bisulphide of Carbon . . 77'7 ^:i7'2 70*4 86 '0 

Chloroform 54’0 72 ’8 50-7 69*0 

Iodide of Methyl . . . 31-6 42*4 26*2 36-2 

Iodide of Ethyl .... 30-3 36*8 24*2 32*6 

Benzol 24-1 32*6 17-9 2S*S 

Amylene 14*9 25*8 12-4 24*3 

Sulphuric Ether .... 13T 22-6 8-1 22'0 

Acetic Ether 10 1 18-3 6 '6 18-5 

Alcohol 9*4 14'7 5-8 12-3 

Water 3'2 7’5 2-0 6-4 


Here the introduction of the platinum spiral changed the })eriods of the flame into 
others more in discord with the periods of the liquid-molecules, and hence the more 

* Some time after this was written I learned that Dr. Amy had previously iuferred, from the paucity of 
Ininmous and extra- violet rays in the hydrogen-flame, that its periods must bt' extra-rod. And he deduced fnuu 
this that the heating of a platinumwire in a hydrogen-flame must consist of a change of j^jcriod, A vtry inter- 
esting communication from Dr. Akin on this and kindred .subjects, will be found in the ^ Header ‘ for tin 2'uh 
of September 1863.— April 5th, 1864, 

3 c2 
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copious transmission when the spiral was employed. It will be seen that a transmismon 
of 2 per cent, is here obtained through a layer of water 0-07 of an inch in thickness. 

Another series of experiments, also executed by my assistant, gave the following 
results of the radiation of a hydrogen-flame through layers of water of five difierent 
thicknesses 

Radiation through Water. Source, hydrogen-flame. 

Thickness of liquid. 

/n 

0-02 inch- 0*04 inch. 0*07 inch. OTIineh. 0*27 inch. 

Transmission per 100 . . . 5'8 2*8 IT 0*5 0*0 

Wishing to compare the radiation from a flame of ordinary coal-gas with that of our 
hydrogen-flame, I reduced the former to the dimensions of the latter. The flame thus 
diminished, had a blue base and bright top, and the whole of it was permitted to radiate 
through our series of liquids. The following results were obtained : — 

Table XL. — Radiation through Liquids. Source, small gas-flame. Thickness of 
liquid layer 0*07 of an inch. 


Name of liquid. 

Deflection. 

Absorption. 

From Table XXXIX. 

Chloroform ..... 

. . 28‘7 

39-8 

49-3 

Bisulphide of Carbon 

. . 36-0 

53-2 

27*7 

Iodide of Ethyl . . . 

. . 41-7 

72-3 

75-6 

Benzol 

. . 43-4 

70-4 

82-3 

Amylene 

. . 4.5-0 

86*1 

87-9 

Sulphuric Ether . . . 

. . 4C-6 

93-3 

92*6 

Formic Ether .... 

. . 46-6 

93-3 

98-5 

Alcohol 

. . 46-8 

94-1 


Acetic Ether .... 

. . 40-9 

94*4 

93-9 

Water ...... 

. . 47-4 

97T 

100-0 

Total heat 

. . 48-0 

100-0 



If have placed the results obtained with the hydrogen-flame in the third column of 
figures. For some of the liquids it will be observed that the absorption of the heat 
issuing from the small gas-flame is nearly the same as that of the heat issuing from the 
flame of hydrogen. A very remarkable difference, however, shows itself in the deport- 
ment of bisulphide of carbon, as compared with that of chloroform. For the small gas- 
flame chloroform is the most transparent body in the list ; it is markedly more transpa- 
rent than the bisulphide of carbon, while for the hydrogen-flame the bisulphide greatly 
excels the chloroform in transparency. The large luminous gas-flame previously experi- 
mented with differs also from the small one here employed. WTth the large flame, the 
absorption by the bisulphide is to that by the chloroform as 

100 : 121 , 
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while with the small flame the absorptions of the same two substances stand to each 
other in the ratio of 

100 : 76. 

Numerous experiments were subsequently made, with a \iew of testing this result, but 
in all cases the bisulphide was found more opaque than the chloroform to the radiation 
of the small gas-flame. The same result was obtained when a very small oil-flame was 
employed ; and it came out in a very decided manner when the source of heat was a 
flame of bisulphide of carbon. It was found moreover that, whenever two liquids under- 
went a change of position of this hind, the vapours of the liquids underwent a similar 
change ; in its finest gradations, the deportment of the liquid was imitated by that of 
its vapour. 

§ 12 . 

And here we find ourselves in a position to ofier solutions of various facts which have 
hitherto stood as enigmas in researches upon radiant heat. It was for a time generally 
supposed that the power of heat to penetrate diathermic substances augmented as the 
temperature of the source of heat became more elevated. Kxobeiuch contended against 
this notion, showing that the heat emitted by a platinum wire plunged into an alcohol 
flame w'as less absorbed by certain diathermic screens than the heat of the flame itself, 
and justly arguing that the temperature of the spiral could not be higher than that of 
the body from which it derived its heat. A plate of glass being introduced between his 
source and his thermo-electric pile, the deflection of his needle fell from 35^ to 19° 
when the source was the platinum spiral; while, when the source was the flame of 
alcohol, when the glass was introduced the deflection fell from 35° to 16°, proving 
that the radiation from the flame was intercepted more powerfully than that from the 
spiral — showing, in other words, that the heat emanating from the body of highest 
temperature possessed the least penetrative power. Melloni afterwai'ds corroborated 
this experiment. 

Transparent glass allows the rays of the visible spectrum to pass freely through it ; 
but it is well known to be highly opaque to the radiation from obscure sources — in other 
words, to waves of long period. A plate 2*6 millimetres thick intercepts all the rays 
from a source of 100° C., and allows only 6 per cent, of the heat emitted by copper 
raised to 400° C. to pass through it*. Now the products of the combustion of alcohol 
are aqueous vapour and carbonic acid, whose waves have been proved to be of slow 
period, and hence of that particular character which are most powerfully intercepted by 
glass ; but by plunging a platinum wire into such a flame, we -virtually convert its heat 
into heat of higher refrangibility ; we break up the long periods into shorter ones, and 
thus establish the discord between the periods of the source and the periods of the dia- 
thermic glass, which, as before defined, is the physical cause of the transpai*ency. On 
purely d prion grounds, therefore, we might infer that the introduction of the platinum 


* Melloki. 
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spiral would augment the penetrative power of the heat through the glass. Melloni, 
with two plates of glass of different thicknesses, found the following transmissions for 
the flame and the spiral : — 

Por the flame. For the platinum. 

41-2 52*8 

5*7 26-2 

The same remarks apply to the transparent selenite examined by Melloni. This sub- 
stance is highly opaque to the extra-red undulations ; but the radiation from an alcohol 
flame is almost wholly extra-red, and hence the opacity of the selenite to this radiation. 
The introduction of the platinum spiral shortens the periods and augments the trans- 
mission. Thus, with two specimens of selenite, of different thicknesses, Melloyi found 
the transmission to be as follows : — 

Flame. Platinum. 

4-4 19*0 

1‘7 3'5 

So far the results of Melloxi coiTespond with those of M. KxoBraAUCTi ; but the Italian 
philosopher pui'sues the matter further, and shows that M. Ivxoblauch's results, though 
true for the particular substances examined by him, are far from being applicable to 
diathermic media generally. Melloxi shows that in the case of d/ar^' "lass and 
mica, a striking inversion of the effect is observed ; that is to say, that through these 
substances the radiation from the flame is more copiously tinnsmitted than the radiation 
from the platinum spiral. For two pieces of black glass of different thicknesses, he 
found the following transmissions : — 

From the flume. From the platinum. 

52*6 42-8 

29-9 27-1 

And for two plates of black mica the folloudng transmissions were found : — 

From the flame. From the platinum. 

G2-8 52-5 

43-3 28‘9 

These results were left unexplained by Melloxi ; but the solution is now easy. The 
black glass and the black mica owe their blackness to the carbon incorporated in 
them, and the blackness of this substance, as akeady remarked, proves the accord of its 
vibrating periods with those of the risible spectnim. But it has been proved that 
carbon is in a considerable degree pervious to the waves of long period — that is to 
say, to such waves as are emitted by a flame of alcohol. The case of the carbon is there- 
fore precisely antithetical to that of the transparent glass—the former transmitting the 
!ieat of long period most freely, and the latter transmitting the heat of short period 
most freely. Hence it follows that the introduction of the platinum wire, by converting 
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the long periods of the flame into short ones, augments the transmission through the 
transparent glass and selenite, and diminishes it through the black glass and the black 
mica. 

§ 13. 

Lampblack, as already stated, is in accord with the undulations of the visible spec- 
trum ; it absorbs them all ; but it is partially transparent to the waves of slow period. 
As, therefore, the waves issuing from a flame of hydrogen have been proved to be of 
slow period, we may with probability infer that its radiation will penetrate the lamp- 
black. A plate of rock-salt was placed over an oil-lamp until the layer of soot deposited 
on it was sufficient to intercept the light of the brightest gas-flame. The smoked plate 
was introduced in the path of the rays from the hydrogen-flame, and its absorption was 
measured; the plate was then cleansed, and its absorption again determined. The 
difierence of both gave the absorption of the layer of lampblack. The results were as 
follows: — 

Table XLI. 

Deflection. Absorption. 

Smoked rock-salt . . 44*2 82*7 

Ilnsmoked plate . . 15-8 24-0 

The difierence between these gives us the absorption of the lampblack; it is 58 ‘7 per 
cent. ; and this corresponds to a transmission of 

41-3 

per cent, of the radiation from the hydrogen-flame. 

Iodine, in a solution sufficiently opaque to cut off the light of our most brilliant 
lamps, transmitted of the heat of the hydrogen-flame 

99 per cent. 

In experimenting on liquids with heat of slow^ period, I noticed that the introduction 
of the empty rock-salt cell caused the needle to move through a much larger arc than 
when the source was a luminous one. This suggested to me that a greater proportion 
of tlie heat of slow period was absorbed by the rock-s.dt, I made a few experiments to 
test the diathermancy of the salt, with the following results : — 

For the heat of a hydrogen-flame, the transmission through a perfectly transparent 
plate of rock-salt was 

82' 3 per cent. 

For a spiral of platinum wire heated to wffiiteness by an electric current, the trans- 
mission was 

87 per cent. 

For the same spiral lowered to bright redness, the transmission was 

84'4 per cent. 
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For the same spiral lowered to moderate redness, the transmission was 

83*6 per cent. 

Nothing was changed in these experiments but the heat of the spiral ; the direction 
of the rays, and the size of the radiating body, remained throughout the same ; still we 
find a gradually augmenting opacity on the part of the rock-salt as the temperature of 
the source is lowered. There cannot, I think, be a doubt that MM. De la Pkovostate 
and Desains are right in their conclusion that rock-salt acts differently on different calo- 
rific rays, and is not, as Melloni supposed, equally transparent to all. For the heat of 
the hydrogen-flame it is more opaque than for that of the moderately red sphal. 

§14. 

This memoir ought perhaps to end here ; I would, howercr, ask permission to make 
a few additional remarks on a subject which was briefly touched upon towards the con- 
clusion of the first of this series of memoirs. I make these remarks with diffidence, for 
I have reason to know tliat authorities for whom I entertain the highest respect do not 
share my views regarding the connexion which subsists between the radiation and con- 
duction of heat. 

Let us suppose heat to be communicated to the superficial stratum of the molecules 
of any body ; say, the molecules at the extremity of a metal bar. They vibrate, and 
the motion communicated by them to tlie external ether is dispatched in waves through 
space. The vibrating superficial molecules must also set in motion the ether within thc' 
body, and a portion of this motion will be transferred to the stratum of molecules next 
adjacent to the superficial ones, heat as a consequence appearing to penetrate the mass. 
But iiTespective of the ether, the molecules of the body occupy positions which are deter- 
mined by their attractive and repulsive forces ; so that if any one molecule be forcibly 
moved from its position of equilibrium, it udll of necessity disturb its neighbours. In 
a system of molecules so related, it is manifest that motion could be transmitted inde- 
pendently of the ether which surrounds them. If we could imagine the ether enthely 
away, the motion that we call heat would still be propagated from molecule to molecule 
through such a body. Conductimi would manifest itself, while radiation would be absent 
through w*ant of a medium. 

In matter, however, as we have it, molecular motion is only in part transmitted imme- 
diatehj from molecule to molecule, being in part transmitted mediately by the ether. 
Now^ the quantity of motion transmitted by the ether to our second stratum of mole- 
cules cannot be the whole of that which the first or superficial stratum imparted to the 
ether. The ether must retard and indeed squander the internal molecular motion; 
and were the medium absent — were the cushion removed which interferes with the 
direct propagation of motion from molecule to molecule — conduction w^ould be freer 
than at present ; the heat would penetrate further into the mass than when the ether 
interv'enes. 
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The reasoning just employed leads to the inference that those molecules which expe- 
rience most resistance from the ether, must be the least competent to transfer the motion 
of heat from one to the other. The direct power of communication is enfeebled by the 
ether, and the motion obtained indirectly cannot make good the loss. We aite thus led 
to the conclusion that the best radiators ought to prove themselves the worst con- 
ductors. 

A broad consideration of the subject shows that the conclusion is in general harmony 
with observed facts. Organic substances are all exceedingly imperfect conductors of 
heat, and they are all excellent radiators. The moment we pass from the metals to 
their compounds we pass from a series of good conductors to bad ones, and from a series 
of bad radiators to good ones*. 

In the earlier memoirs of MM. De le Provostate and DESArxsf, and in that of MM. 
WiEDEMASisr and Frakz, I find the following facts ; — The radiative power of platinum is 
five times that of silver ; its conductive power is one-tenth that of silver. Platinum has 
more than twice the radiative power of gold; it has only one-seventh of the conducting- 
power. Zinc and tin are almost equal as conductors, and they are also nearly equal as 
radiators. Silver has about six times the conductive power of zinc and tin ; it has only 
one-fourth of their radiative powers. Brass possesses but one-half the radiative energy 
of platinum; it possesses more than twice its conductivity. Other experiments of 
MM. De la Provostate and DesainsJ confirm those hitherto referred to. Taking the 
absorbent pow^r, as determined by these excellent experimenters, to express the radiating 
power, and multiplying their results by a common factor to facihtate comparison 

• And we also pass, as a general rule, from a series of bodies which vibrate in accord with the visible spec- 
trum to a series which vibrate in discord with the spectrum. The lowering of the rate of vibration is a con- 
sequence of chemical union. The comparative incompetence of compouMl bodies to oscillate in visual periods 
has incessantly declared itself in these researches. I would here refer to a most interesting illustration of the 
same kind, derived from the experiments of MM. De la Pkovostaye and Desaixs. These distinguished experi- 
menters were the first to record the important fact that the qualities of heat emitted hy bodies at the same tem- 
perature may be very unlike. Two experiments illustrate this fact. The first is recorded in the Comptes Rendus, 
vol. xxxiv. p. 951. One half of a cube v^qb coated with lampblack, and the other half with cinnahar. The cube 
being filled with oil at a temperature of 173° C., it was found that the emission jfrom the cinnabar was more 
copiously absorbed by a plate of glass than that fiom the lampblack. In tbe second experiment, they found that, 
while 39 per cent, of the radiation from a bright surface of platinum was transmitted by a plate of glass, only 
29 per cent, of the radiation from the opposite surfitce of the same plate, which was coated with borate of lead, 
W£W transmitted. These results are quite in harmony with the views which I have ventured to enunciate, Ve 
may infer from them that the heat emitted by the respective compounds — the cinnabar and the borate of lead — 
is of slower period than that emitted by the elements ; for experiment proves that as the periods are quickened 
the gla^ becomes more transparent. At a temperature of 100° C., moreover, the emi^ion from borate of lead 
was fotmd equal to that from lampblack (Comptes Rendus, vol. xxxviii. p. 442), while at a temperature of 550° C. 
it had only three-fourths of the emissive power of the lampblack. With reference to the theoretic views which 
these research^ are intended to foreshadow, the results of MM. .De la PaovosiArE and Desains are of the highest 
interest. 

t Compte Seadus, 1846, vol. xxii. p. 1139. + Annals de Chimie, 1850, vol. xxx. p. 442. 
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with those of MM. Wmmmm and Feaez on conduction, we obtain the foHowing 
Table:— 


Table XLII. — ^Comparison of Conduction and Eadiation. 


Name of metal. 

Conduction. 

Eadiation. 

Silver . . . 

. . 100 

11 

Gold . . . 

. , 53 

27 

Brass . . . 

. . 24 

42 

Tin ... . 

. . 15 

90 

Platinum . . 

. . 8 

100 


We here find that, as the power of conduction diminishes, the power of radiation 
augments — a result, I think, completely in harmony with that to which a consideration 
of the molecular mechanism leads us. There is but one serious exception known to me 
to the law here indicated ; this is copper, which MM. De la Peovostaye and Di^AiifS 
place higher than gold as a radiator, though it is also higher as a conductor. When, 
however, the immense change in radiative power which the slightest film of oxide can 
produce, and the liability of heated copper to contract such a film, are taken into account, 
the apparent exception will not have too much weight ascribed to it. I have had a 
cube of brass coated electrolytically with copper, silver, aud gold ; and, of all its faces, 
that coated with copper has the least emissive power. This is probably due to some 
slight impurity contracted by the silver. What we know of the deportment of minerals 
also illustrates the law. Rock-salt I find to be a far better conductor than glass, while 
MM. De la Peovostaye and DESAiiirs find the relative emissive powers of the two 
substances to be as 17 to 6 : the radiant power of the salt is little more than one- third 
that of the glass. So also with regard to alum : as a conductor it is immensely behind 
rock-salt ; as a radiator it is immensely in advance of it. 


Boyal Institution, March 1864. 
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Section I. — Introductimi, and Summary of hfwwn Principles. 

(1.) Plane Waier-IAnss in two Dimensions defined . — By the term “ Plane Water-Line in 
two Dimensions ” is meant a curve which a particle of liquid describes in flowing past 
a ^lid body, when such flow takes place in plane layers of uniform thickn^. Such 
curves are suitable in practice for the water-lines of a ship, in those cases in which the 
vertical displacements of the particles of water are small compared with the dimensions 
of the ship ; for in such cases the assumption that the flow takes place in plane layers 
of uniform thickness, though not absolutely true, is sufficiently near the truth for prac- 
tical purposes, so far as the determination of good forms of water-line is concerned. As 
water-line curves have at present no single word to designate them in mathematical 
language, it is proposed, as a convenient and significant term, to call them Nedids (from 
>^oc, the Ionic genitive of pava). 

(2.) General Principles of the Flow of a lAquid past a Solid . — The most complete 
exposition yet published, so far as I know, of the principles of the flow of a liquid past 
a solid, is contained in Professor Stokes’s paper “ On the Steady Motion of an Incom- 
pressible Fluid,” published in the Transactions of the Cambridge Philosophical Society 
for 1842. So far as those principles will be referred to in the present paper, they may 
be summed up as follows. 

When a liquid mass of indefinite extent-flows past a solid body in such a manner that 
as the distance from the solid body in any direction increases without limit, the motion 
of the liquid particles approaches continually to uniformity in velocity and direction, 
the condition of perfect .fluidity requires that the three components u, v, w of the velo- 
city of a liquid particle should be the three differential coefficients of one function of the 
coordinates (p) ; viz. 



and the condition of constant density requires that the said ftinction should fulfil the 
following condition, 

3+9+3“« m 

By ^ving to tiie function p a ^ries of different constant values, a series of surfaces are 
represented, to which each water-line curve is an orthc^nal trajectory, so that if U= 

3i)2 
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constant be the equation of a series of surfaces each containing a continuous series of 
water-line curves (and one of which surfaces must be that of the solid body), the ftinction 
U must satisfy the following condition, 

^ 4 ^ ^.dV ^ 

da;'dx''dy ' dy~^ dz ’ dz * * * ^ ' 

or if ds' be an elementary arc of a water-line curve, and y, its coordinates, tiie 
following conditions must be satisfied, 

dad dy' d:d dip dp dp ... 

dd ' dd ' dd ‘ ' dx ' dy ' dz* * * * ' * * * * i ^ 


and these are the most general expressions of the geometrical properties of water-line 
curves in three dimensions. 

When the inquiry is restricted to motion in two dimensions only, x and the terms 
containing dz and dd disappear from the preceding equations; and it also becomes 
possible to express the same conditions by means of equations of a kind which are more 
convenient for the purposes of the present investigation, and which are as follows. 
Conceive the plane layer of liquid under consideration of thickness unity, to be divided 
into a series of elementary streams by a series of water-line curves, one of which must 
be the outline of the solid body; let U= constant be the equation of any one of those 
curves, U being a function of such a nature that dU is the volume of liquid which flows 
in a second along a given elementary stream ; then the components of the velocity of a 
particle of liquid are 


dU 



( 5 ) 


the condition of continuity is satisfied ; and the condition of perflect fluidity requires 
that the function U should fulfil the following equation, 


dx^ ' dy 


= 0 . 


( 6 ) 


(When the motion of the liquid is not subject to the condition of being uniform in 
velocity and direction at an infinite distance in every direction from the solid, it is 
sufiSicient that 

■^+-^=fimctaonofU; 


but cases of that kind do not occur in the present paper*.) 

(3.) dotation . — It is purely a question of convenience whether the infinitely distant 
particles of the fluid are to be regarded as fixed and the solid as moving uniformly, or 


* Professor William Thomsok, in 1858, completed an investigation of the motion of a soHd thmngh a perfect 
liquid, so as to obtain expressions for the motion of the solid itself, involving twenty-one constants depending 
on the hgnre mid mass of the solid and the demdiy^ of the Hqnid; but as that inv^tigafion, tiiough on the eve 
of publication, has not yet been published, I shall not here refer to it furthm’. 
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the solid as fixed, and the infinitely distant particles of the fluid as moving uniformly 
with an equal speed in the contrary direction. Throughout the present paper, the soHd 
will he supposed to move along the axis ofx; so that v will represent the transverse com- 
ponent of the velocity of a particle of liquid on either supposition. The longitudinal 
component of the velocity of a liquid particle relatively to the solid will be denoted by u \ 
and when that particle is at an infinite distance from the solid, by c ; so that when the 
infinitely distant part of the liquid is regarded as fixed, the solid is to be conceived as 
moving with the velocity — c; and the longitudinal component of the velocity of a 
liquid particle relatively to the indefinitely distant part of the liquid will be denoted by 


It is convenient to regard the function U as equivalent to an expression of the 
following kind, 


U=5c, 


(V) 


c being the uniform velocity of flow at an infinite distance, and h what the value of y 
would be for the water-line under consideration if the solid were removed ; in which 
case that line would become a straight line parallel to the axis of x. This enables us 
to substitute for equations (5) and (6j the following, in which ^proportionate velocities 
only are considered : — 

( 8 ) 


_db^ 

'dy^ 


~(k ’ 


dy^~^ 


dx^ 


= 0 . 


( 9 ) 


(4.) General Characteristics of Water-Line Functions, — Since at an infinite distance 
from the solid body we have tJ=0, it follows that, if the origin of coordinates be 
taken in or near the solid body, h must be a function of such a kind that, when either 
;r=oo , or ^= 00 , 

h=y. 


Hence in a great number of cases that function is of the form 

h=iy-\-F{x,y)] . . . . 


( 10 ) 


where F is a function which either vanishes or becomes constant when x or y increases 
indefinitely. 

It is plain that when the function h takes this form, the term F is the function for 
the motions of the liquid particles relatively to still water ; that is to say, 


«— c dh - dY ^ 

c dy““ dy * 


and also that the term F fulfils the equation 


dx' 


dx ’ 


(11) 
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Wiiea tJie solid is spMaetrical at either side of the axis of a? (as it is in all the cas^ 
that will be considered in this paper), the axis of a; itself, so far as it lies beyond ttie 
outline of the sdid, is a water-line. Hence it is necesmry that the equation of that 
axk, via. 

y=0, I 


^ouM be one of the solutions of the equation 


(13) 


*=i'+r(^> y)=o. 


and consequently that F should vanish with y. 

The vanishing of F when y=oo , indicates that every straight line given by the equar 
tion y=^h either forms part of, or is an asymptote to, a water-line curve. 

The vanishing of F when (r=oo , indicates that the further the water-lines are from 
the generating solid, the more nearly they approximate to parallel straight lines. 

Every water-line curve is itself the outline of a solid capable of moving smoothly 
through a liquid. 

(5.) Water-Line Curves generated hy a Circle^ or Cyclogenom Xemds, — Conceive that 
a circular cylinder of indefinite height, and of the radius described about the axis of 
z, moves through the liquid along the axis of x. Then it is already known that the 
general equation of the water-line curves is the following, 

(14) 

giving a series of curves of the third order. When §=0 this equation resolves itself 
into two, viz. 

y=0; !c‘-‘rf=zP-, 


the first of which represents the axis of and the second the circular outline of the 
cylinder. For each other value of J, equation (14) represents a curve having two 
branches : one of them is an oval, contained within the circle, and not relevant to the 
problem in question ; the other, being the real Water-line, is convex in the middle and 
concave towards the ends, and has for an asymptote in both directions the straight line 

y=i- 

For brevity’s sake, let Then the component velocities of a particle of water 

relatively to the solid are given by the equations 


;=^=i-;5+"F'=i+ 


"'dy 

V ^ db ^ 2Pxy 

c '^dx ’ 


(15) 


and the square of their resultant by the equation 


(16) 


while fhe 'coinpbnent and resultant velocities relatmly to still water are given by the 
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foEowiag equations 

c r* ' ~ c 7* • • • • • i-*-U 

As a convenient name for water-line curves of this sort, it is proposed to» call them 
Cyclogenms Weotds^ that is, shipshape curves generated from a circle. 

The water-Kne surfaces generated by a sphere are known ; but no use will be made 
of them in this paper. (See paper by Dr. Hoppe, Quart. Joum. Math., March 1856.) 

SicnoK II . — Properties of Water-line Curves generated from Ovals^ or Oogenous Neoids. 

(6.) derivation of other Water-Line Curves from Cyclogenms Neoids . — ^When a form 
of the function F has been found which satisfies equation (12) of art. 4 (that is to say, 
which fulfils the condition of liquidity), an endless variety of other forms of that function 
possessing the same property may be derived from the original form by differentiation 
and integration. 

The original form, and also the derived forms, must possess the properties of vanish- 
ing for ;r==:oo and for ^=oo , and of becoming =0 or a constant for ^=0. The first of 
those properties excludes trigonometrical functions, and consequently exponential func- 
tions also, which are always accompanied by trigonometrical functions, and leaves avail- 
able functions of the nature of potentials. The second property excludes derivation by 
means of differentiation and integration with respect to y, and leaves available differen- 
tiation and integration with respect to a. 

The original form of the function F which will be used in this paper is that appro- 
priate to cyclogenous neoids, or water-line curves generated from a circle, as given in 
equation (14) of art. 5, m. — 

F=^X constant. 

When one or more differentiations with respect to x are performed on this function, and 
the results substituted for F in equation (10), there are obtained curves which are real 
water-lines, but which are not suitable for the figures of ships, some of them being lemnis- 
cates, others shaped Hke an hour-glass, and others looped and foliated in various ways. 
It is otherwise as regards integration wdth respect to for that operation, being performed 
once, gives the expression for the ordinate in a class of curves all of which resemble 
possible forms of ships, and which are so various in their proportions, that every form of 
ships’ water-lines which has been found to succeed in practice may be closely imitated by 
means of them. As that class of curves consists of certain ovals, and of other water-lines 
genm’ated from those ovals, it is proposed to call them Oogenous Neoids (from ’Qo-yev^c). 

(7.) Oeneral Equation of Oogenous Neoids . — ^The integration with respect to already 
referred to, is performed as follows : — The coordinates of a particle of water being x and 
y, let od denote the position of a moveable point in the axis of x : then the function to 
be integrated, is . 

y 
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for all values of of between two arbitrary limits. Let 2a denote the distance between 
those limits: the most convenient position for the origin of coordinates is midway 
between them, so as to make the limits 

^ = 3f=:—a respectively. 


Then the folloT;\ing is the integral sought : 





— tan * —y + tan 


1 

y 


(18) 


This quantity evidently denotes the angle contained between two lines drawn from the 
point (x, y) to the points {+a, 0) and {—a, 0). For brevity’s sake, in the sequel that 
angle will be occasionally denoted by the points (-|-«, 0) and {—a, 0) will be called 
the/oc?'; and their distance a from the centre will be called the excentrieity. 

Substituting this integral in the general equation (10), we find, for the water-line 
cun^es now under consideration, the following equation, which is the general equation 
of obgenms nedids : — 

«=y-/^= 3 '-/(tan-’ 4- tan-‘ (19) 


The coefficient/ denotes an arbitrary length, which will be called the parameter. 

(8.) Geometrical Meaning of that Eguation. — ^Thc equation (19) represents a curve at 
each point of which the excess (y—h) of the ordinate [y) above a certain minimum 
value (b) is proportional to the angle (5) contained at that point between two straight 
lines di’awn to the two foci. Except when 5=0, the curve has an asymptote at the 
distance b L-om the axis of x, and parallel to that axis. Since the value of b is not 
altered by reversing the signs of x, and is only changed from positive to negative by 
reversing the sign of y, it follows that each curve consists of two halves, symmetrical 
about the axis of y ; and that there are pairs of curves, symmetrical about the axis of x. 

In Plate YIII. fig. 1, therefore, which represents a series of such curves, one quadrant 
only of the space round the origin or centre O is shown, the other three quadrants being 
symmetrical. A is one of the foci, at the distance OA=a from the centre ; the other 
focus, not shown in the figure, is at an equal distance from the centre in the opposite 
direction. BL is one quadrant of the primitive oval ; and the wave-like curves outside 
of it are a series of water-lines generated from it, having for their respective asymptotes 
the series of straight lines parallel to OX, and whose distances from OX are a series 
of values of 5. 

The equation (19) embraces also a set of curves contained within the oval, and all 
traversing the two foci; but as these curves are not suited for the forms of ships’ water- 
lines, no detailed description of them needs be given. 

(9.) Properties of Primitive Oval Nedids. — ^When in equation (19) h is made =0, so 
that the equation becomes 


y-/^=0, (20) 

there are two solutions; one of which, viz. y=0, represents the aads of x, agreeably to 
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the condition stated in article 4, equations (13). The other solution represents the 
oval LB. 

The greater semiaxis of that oval, OL, will be called the hose of the seriqs of water- 
lines generated by the oval, and denoted by I ; its value is found as follows : 


dy 



-f tan“‘ — 
a—x ' 


a+x)' 


=l+/{(^ 


x)^-i-y^'^ (a-hx)^+y^ 


a + x 




but at the point L we have 
and therefore 

whence 


x=l-, jf=0; ^=0; 
P=za^^2af. . . . 


( 21 ) 


To find the 
formula 


/= 


the base I and excentricity a are given, we have the 


2a 


( 22 ) 


The half-breadth, or minor semiaxis of the oval, OB=yoj is the root of the following 
transcendental equation, found by making ^=0 in equation (19), 

y,-2/tan-‘^=0 (23) 

which may be otherwise written as follows : — 


tan|-^=0 (23 a) 

When the minor semiaxis a^id excentricity a are given, the parameter /is found by 
the equation 

/=^^: ( 24 ) 

2tan-- 

and thence the base I can be computed by equation (21). 

When the base I and half-breadth are given, the excentricity a is found by solving 
the foUovFmg transcendental equation : — 

(^— a’)tan~^— =0 (24 a) 

Vo 

An oval neoid differs from an ellipse in being fuller towards the ends and flatter at 
the sides ; and that difference is greater the more elongated the oval is. 

(10.) VarieHes of (hal ^eoids, and extreme cases . — ^The excentricity a may have any 
value, from nothing to infinity; and the base I may bear to the half-breadth yo any 
proportion, from equality to infinity. When the excentricity a=0, the two foci coalesce 
with the centre O ; the base I bea)mes equal to the half-breadth b ; the oval becomes a 
MDCCCLXIV. 3 E 
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circle of the radius I ; and the water-lines generated by it become cyclogenous neoids, 
already described in article 5. 

As the excentricity increases, the oval becomes more elongated. In Plate IX. lig. 3, 
PL is an oval whose length is to its breadth as \/3 : 1, its focus being at A^. The oval 
BL in Plate VIII. fig. 1 is more elongated, its length being to its breadth as 17 : 6 nearly. 
When the excentricity is infinite, the centre O and the further focus go off to infinity, 
leaving only one focus. The parameter /becomes equal to the focal distance LA. The 
oval is converted into a curve bearing the same sort of analogy to a parabola that an 
oval neoid bears to an ellipse*; but instead of spreading to an infinite breadth like a 
parabola, it has a pair of asymptotes parallel to the axis of and at the distance 
to either side of it ; and each generated water-line has two parallel asymptotes, at the 
respective distances b and b-\-‘7rf from the axis of x. The properties of these curves 
may be easily investigated by placing the origin of coordinates at the focus A, and sub- 
stituting, in equation (19), tan"^ ~ for but as their figure is not suitable for ships’ 

water-lines, it is unnecessary here to discuss them in detail ; and the same may be said 
of a class of curves analogous to hyperbolas, whose equation is formed by putting — 
instead of + between the two terms of the right-hand member of equation (18). 

(11.) Graphic Construction of Oval and Oogenous Neoids . — For the sake of distinct- 
ness, the processes of drawing these curves are represented in two figures, — fig. 2 show- 
ing the preliminary, and fig. 1 the final processes (see Plate VIIL). 

The axis OY is to be divided into equal parts of any convenient length (which will 
be denoted by bg in what follows), and through the divisions are to be drawn a series of 
straight lines parallel to OX. (It is convenient to print those lines from a copper-plate 
divided and ruled by machinery.) They are shown in fig. 1 only, and not in fig. 2, to 
avoid confusion. 

Suppose, now, that the problem is as follows : — ITie base OL and excentricity OA 
being given^ it is required to construct the oval neoid and the water-lines generated by it. 

Through the focus A (Plate VIII. fig. 2) draw AD perpendicular to OX ; about O, 
with the radius OL, describe the circular arc LD, cutting AD in D ; ffom D draw DE 
perpendicular to OD, cutting OX in E; then (as equation (22) shows) AE will be =2/ 
the double parameter. 

About A, with the radius AE=2/ thus found, describe a circle cutting AD in F. 
Then commencing at F, lay off on that circle a series of arcs, each equal to 2^ (the 
double of the length of the equal divisions of the axis OY). Through the points of 
di\ision of the circle draw a series of radii, AGj , AGj , &c., cutting the axis OY in a 
series of points (some of which, from Gg to G,a, are marked in fig. 2)f. (These r^ii 

make, with the line AD, a series of angles, &c.) 

♦ This curve is identical with the quadratrix of Tschieshausex. 

t When the parameter is small, it is sometimes advisable to use a circle (such as a protractor) wifii a radius 
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Then about each of the points in the axis OY thus found, with the outer leg of the 
compasses starting from the focus A, describe a series of circles (shown in Plate VIII. 
fig. 1 ) ACi, AC^, AC 3 , &c. 

Each of those circles traverses the two foci ; and the equation of any one of them is 

-V=f6=nly, (25) 

where 6 denotes the angle made at any point of the circle by straight lines drawn to the 
two foci, and n has the series of values 1, 2, 3, &c. Since F, as explained in article 4, 
is the characteristic function for the motion of the liquid particles relatively to still water, 
it is plain that each of the circles for which F= constant is a tangent to the directions 
of motion of all the particles that it traverses. 

The paper is now covered, as in fig. 1, with a network made by a series of straight 
lines whose equations are of the form yz=zn' crossed by a series of circles whose equa- 
tions are of the form/i?=?%. 

Consequently any cuiwe drawn like those in Plate VIII. fig. I, diagonally through the 
corners of the quadrangles of that netw'ork, will have for its equation 

y-f6={n'—n)ly-h, 

and will accordingly be an oogenous neoid, having for its asymptote the line y^h. 

The primitive oval is drawn by starting from the point L, and traversing the network 
diagonally. As many curv es as are required can be drawn by the eye with great pre- 
cision. and the wdiole process is very rapid and easy (see Appendix). 

VTien the problem is with a given base and excentricity to draw an oogenous neoid 
through a given point in the axis OY, such as P, the process is modified as follows: — 
The axis OY must be so dirided that P shall be at a point of division. Then, up to the 
describing of the circle about A with the radius AE, the process is the same as before. 
Then join AP (Plate VIII. fig. 2), and draw Ag making the angle PA^=APO, and cut- 
ting the axis OY in a point (such as Gjo) which will be the centre of the circle traversing 
A and P. Then on the circumference of the circle about A, from g towards F, lay off a 
series of arcs each = 2 ^^ ; through the points of division draw radii cutting the axis OY 
in the points G^, G «, &c., and complete the process as before. 

(12.) Graphic Construction of Cyclogenous and Parabologenous Weoids. — When the 
excentricity vanishes and the oval becomes a circle, all the circles composing the net- 
work become tangents to OX at the point O. They pass through the points where the 
primitive circular water-line is cut by the equidistant parallel lines. Their radii are in 
harmonic progression ; the equation of any one of them is of the form 



which is a larger multiple of the parameter than double, the length of the divisions being increased in the same 
proportion ; or the points on the a.inH OY may be laid down by means of their distance from 0, calculated by 
the formula OGs«a , cotan 9, 


3 E 2 
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n having the series of values 1, 2, 3, &c. ; and its radius is given by the formula 


JL 

nZy 


(26 a) 


When there is but one focus, as in the infinitely long curve described in article 10, 
the network of circles is changed into a set of straight lines radiating from the focus, 
and making v^ith AX the series of angles given by the formula 

(27) 

(13.) Component and Bemltant Velocities of Gliding . — ^The component and resultant 
velocities with which the Hquid particles gbde along the water-lines are given by the 
following equations, in terms of the excentricity «, the parameter f and the coordi- 
nates : — 


/(«— fja+w) ^ fy , fy 

c dy ‘ (fl — c dx (a— y® ' (fl + a?)®-}- y®* 

d\? db^ ^ 2f{a—x) 2f{a + x) 4/®a* 

c® + ' (a+a?)*+y*'' {(«— + . {(« + af)*+y*} * 


(28) 


At the point of greatest (breadth that is, at the axis of y) these expressions take the 
following values : — 

!! 2 ==: 14- 0 
c c 

These equations are applicable to a whole series of water-lines (such as those shown in 
fig. 1), including the generating oval, and are the best suited for solving questions 
relating to such a series. 

But when one particular water-line is in question, it is sometimes more convenient to 
use another set of equations, formed from the equations (28) by the aid of the following 

substitutions, in which d, as before, denotes — 


{(a-a:)“+/}.{(a+ir)"+y}=^: 

{ {a—xf -f y® } -f {{a-\-xy’Vf } = 2a®-f 2a:®-l- 2/ = 4a® -f 4ay cotan 6 ; 
a:®4-y®z=a®-j-2ay cotan^; x~ \/{a®— ^-l-2a^ cotan 


These substitutions being made in the equations (28), give the following results : — 


“=l+'^sin=i 
c ‘ a 


cos^sin^=l-|- 


2a 


/cos 

” 2a " 


/sin 25 
2y > 


sin" i=—~ cotan 6} Atx'6; 

1 -|- ^sin" 6— ~<x>8 ^ sin ^ sin" S 

=^+{+5~ (f+ 1)®"® ™ 
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(14.) Trajectories of Form<il Displacement, and of Swiftest and Slowest Gliding. — By 
the “ trajectory of normal displacement ” is meant a curve traversing all the points in a 
series of water-lines at which the directions of motion of the liquid particles relatively 
to stiU water are perpendicular to the water-lines; or, speaking geometrically, a curve 
traversing all the points at which the circles ACj, ACg, &c. of fig. 1, Plate VIII. cut the 
water-lines at right angles. To find the form of that trajectory, it is sufficient to make 

^-“=0, (31) 

employing the values of these ratios given by the equations (28). This having been done, 
it appears, after some simple reductions, that the equation of the trajectory of normal 
displacement is the following, 

a^-f=^l\ (32) 


being that of a rectangular hyperbola LM, fig. 1, having its vertex at L, and its centre 
at 0. Hence that curve is similar for all oogenous and cyclogenous neoids whatsoever, 
being independent of the excentricity, and is identical for all oogenous and cyclogenous 
neoids having the same base 1. 

By the “ trajectory of swiftest and slowest gliding ” is meant a curve traversing every 
point in a series of water-lines at which the velocity of gliding, is a maximum 

or a minimum for the water-line on which that point is situated. To find the equation 
of that curve, it is necessary to solve the follomng equation, 


d /u d V + ^ 

’ ~dx*c ’ dyj\ c® / ’ 


(33) 


the expression employed for 


U^A-V^ 



being that given by the third of the equations (28). 


After a tedious but not difficult process of differentiation and reduction, which it is unne- 
cessary to give in detail, an equation is found which resolves itself into three factors, viz. 


^=0, (34) 

being the equation of the axis OY, and 

\/ (35) 


being the equations of the two branches LN and LP of a curve of the fourth order. 
This curve, too, is independent of the excentricity, and therefore similar for all ooge- 
nom and cyclogenous neoids whatsoever, and identical for those having the same base 1. 
It has also the following properties : — ^The straight line joining L with P makes an 
angle of 30° with the axis OX ; there are a pair of straight asymptotes through 0, 
making angles of 30° to either side of OX ; and the two branches of the curve cut OX 
in the point L, at angles of 45°. 

(15.) Graphic Construction of those Trajectories. — ^The curves described in the pre- 
ceding article are easily and quickly constructed, with the aid of the series of equi- 
distant lines parallel to OX, as follows : — In fig. 2, Plate VIII., let ST be any one of 
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those lines. With the distance SL in the compasses, lay off SH on that line ; H wHi be 
a point in the hyperbola LM. Also from S lay off, on the axis of SI and SJ, each 
equal to the same distance SL. About the centre O, with the radius 01, draw a circular 
arc cutting ST in K ; this will be a point in the branch LN. About the centre 0, with 
the radius OJ, draw a circular arc cutting ST in ^ ; this will be a point in the branch LP. 

(16.) Properties of the Trajectory of Swiftest and Slowest Gliding. — ^llie branch LN 
traverses a series of points of slowest gliding, where the water-lines are furthest apart ; 
the branch LP traverses a set of points of swiftest gliding, where the water-lines are 
closest together ; from 0 to P the axis of y traverses points of slowest gliding, and 
beyond P, points of swiftest gliding. 

Hence every complete oogenous neoid which cuts the axis of y between O and P, 
contains two points of swiftest and three of slowest gliding ; and every complete ooge- 
nous or cyclogenous neoid which cuts the axis of y at or beyond P, contains only one 
point of swiftest and two of slow'est gliding. 

(17.) Water-Lines of Smoothest Gliding^ or Lissonemds. — At the point P itself, situated 
at the distance / 

op=73 

from the centre, two maxima and a minimum of the velocity of gliding coalesce ; and 
therefore not only the first, but the second and third differential coefficients of the 
velocity of gliding vanish ; from which it follows that the velocity of gliding changes 
more gradually on those water-lines %vhich pass through the point P, than on any other 
class of oogenous or cyclogenous neoids. 

It is proposed therefore to call this class of water-lines LissoneoMs (from Xitroroq). 

The oval neoid whose length is to its breadth as \/3 : 1 is itself a lissoneoid ; and 
every series of water-lines generated by an oval nfwre elongated than this contains one 
lissoneoid; for example, in the series of water-lines shown in fig. 1, the lissoneoid is 
marked PQ. 

The excentricity of the oval lissoneoid is computed by solving equation (24 a) of 
article 9, when — ; and it is found to be 

ft=-732Z, or nearly (>/3—l)? (36 a) 

By ghing the excentricity values ranging from *732/ to I, there are produced a series of 
lissoneoids ranging from the oval PL in fig. 3, Plate IX., whose focus is at A^ , to the 
straight line PN, whose focus coalesces with L. PQi , PQ, , and PQ, are specimens of 
the intermediate forms, having their foci respectively at Aj, A,, and A,. For a reason 
which will be explained in Section IIL, those cur\^es are not shown beyond the trajec- 
tory of slowest gliding. 

The greatest speed of gliding, for a lissoneoid, is found by making in equation 
(28 a) of article 13 ; that is to say, 


( 37 ) 
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(18.) OrMts of the Particles of Water. — ^The general expressions for the components 
of thie velocity of a liquid particle relatively to still water have been given in equation 
(11) of article 4 ; and to apply those to the case of oogenous neoids, it is only neces- 
sary to modify the equations (28) of article 13, by introducing the expression for 

^ — - instead of that for - ? as follows : — 
c c 

u~~c {P—a^).{a^—3e"+^^) v ~-2{l^—a^)wy ^ ’ 

^ c ^ {{a-x)^+y^} . {{a + asf-hy^} ^ c~ {{a—xf + y^] . ' 

[• • 

{u-cf-irV^ 

c ~~ {[a-xf + f] .{{a^xf-{-y^}^ 


From the last of these equations it appears that the velocity of a ^article relatively to 
still water is inversely as the product of its distances from the two foci. 

The only other investigation which will here be made respecting the orbit of a par- 
ticle of water, is that of the relation between its direction and curvature at a given 
point, and its ordinate y. 

It has already been explained, in article 11, that the direction of motion of a particle 
is a tangent to a circle traversing it and the two foci. The radius of that circle is 

a a 

. y — b sin $ ’ 

and if p be taken to denote the angle which the direction of the particle’s motion rela- 
tively to still water makes with the axis of it is easily seen that 

cos^ = cos^— |sin^. (39) 


While that angle undergoes the increment d(p., the particle moves through an arc of its 
orbit whose length is consequently the curvature of that orbit at the arc in ques- 


tion IS 
1 sin 
f 


rf.cosc /I , 1\ • ^ . 2 + • A . J /irtx 

For cyclogenous neoids, we obtain the value of this expression by making 
sin^=^^^j cos^=l, 

substituting a* for 2/a, and then making a=0; the result being as follows, 




that is to say, the mrvaA^ure of the orbit varies as the distame of the particle frcnn a line 
parallel to the axis of Xy and midway hetwmi that axis and the undisturbed position of 
the particle. This is the property of the looped or coiled elastic curve ; therefore, when 
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the water-lines are cyplogmous, the orbit of each f article of water forms one loop of an 
elastic curve. 

The general appearance of such an orbit is shown in fig. 6, Plate VIII. The arrow D 
shows the direction of motion of the solid body. The dotted line AC is supposed to 
be at the distance h from the axis of a. The particle starts from A, is at first pushed 
forwards, then deviates outwards and turns backwards, moving directly against the 
motion of the solid body as it passes the point of greatest breadth, as shown at B. The 
particle then turns inwards, and ends by following the body, and coming to rest at C, 
in advance of its original position. 

When the water-lines are oogenous, the equations (39) and (40) show that the orbit 
is of the same general character with the looped elastic curve in %. 6, but differs from 
it in detail to an extent which is greater the greater the excentricity a; and the 
difference consists mainly in a flattening of the loop, so as to make it less sharply curved 
at B. 

When the excentricity increases without limit, the orbit approximates indefinitely to 
a “ curve of pursuit,” for which 

®=:«, i = (40 b) 

9 f 

(19.) Trajectory of Transverse Displacement. — Of Speed of Gliding equal to Speed of 
Ship. — Orthogonal Trajectories. — The trajectories described in this article differ from 
those described in articles 14, 15, and 16 by being dependent upon the excentricity, 
and therefore not similar for all sets of oogenous neoids. 

By the “ trajectory of transverse displacement” is meant the curve traversing all the 
points at which the liquid particles are moving at right aisles to the axis OX, rela- 
tively to stiU water. It is determined from the first of the equations (28), by making 

-- 1 = 0 ; 

c 

from which is easily deduced the following equation, 

^-f=a^ , (41) 

being that of a rectangular hyperbola, with its centre at O and its vertex at the focus A. 

The trajectory of the points where the speed of gliding is equal to the speed of the 
solid body, is found from the third of the equations (28), by making 

Its equation is 

(42) 

being that of a rectangular hyperbola, with its centre at 0 and its vertex between A and 
L, at a distance from 0 equal to half the hypothenuse of a right-angled triangle whose 
other sides are equal to the base and the excentricity respectively. 

Let q= constant be the equation of one out of an indefinite number of orthogonal 
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trajectories to a set of oogenous neoids. The fonction as is well known, must satisfy 
the equation 

^ ^ _j. ^ ^ 0 

dx dx' dy dy * v 


Beferring to equation (19) of article 7 for the value of it is easily seen that this con- 
dirion is fulfilled by the following function, 


J=*+|hyp.log. 


{a-Vxf-\-y^ 

(a— 


(43) 


which has also the following properties, 


dq db u dq db v d^q 

dx dy c* dy dx c* dx^ 



= 0 . 


(44) 


Every orthogonal trajectory has a straight asymptote parallel to the axis of and 
expressed by the equation x=q. 

The perpendicular distance between two consecutive orthogonal trajectories, like 
that between two consecutive water-lines, is inversely proportional to the velocity of 
gliding; hence, if a complete set of orthogonal trajectories were drawn on fig. 1, they 
would divide it into a network of small rectangles, the dimensions and area of any one 
of which would be expressed as follows : — 

cdb cdq _ t&dbdg 


For a series of cyclogenous neoids, the equation of the orthogonal trajectories takes the 
following form, 

2=*(i+?T?) (45 a) 


(20.) Disturbances of Pressure and Level , — Let h denote the head at a given particle 
of liquid, being the sum of its elevation above a fixed level and of its pressure, expressed 
in units of height of the liquid itself. In a mass of liquid which is at rest, the head 
has a uniform value for every particle of the mass ; let that value be denoted by 
Then when the mass of liquid is in the state of motion produced by the passage of a 
solid through it, the head at each particle, according to well-known principles, under- 
goes the change expressed by the foUovring equation, 


ht 


2g ’ 


(46) 


being the height due to the difference between the squares of the speed of the solid body 
and of the speed of gliding ; and in an open mass of water with a vessel floating in it, that 
change will take place by alterations in the level of surfaces of equal pressure. The tra- 
jectory of slowest gliding, LN (Flate VIII. fig. 1), will mark the summit of a swell thus 
produced, and so also will the axis oiy between O and P ; while the trajectory of swiftest 
gliding OP, and the axis of ^ beyond P, will mark the bottom of a hollow. These are the 
prmcipal vertical disturbances, wMchf throughout this investigation, have been assumed 
MDCccmv. 3 S’ 
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to be so smaU, compa^red with the dimeEsicnis of the body, as not to produce any appr^ 
ciable error in the consequences of the supposition of motion in plane layers. 

(21.) Integral on which the Friction depends . — Suppose a portion of an oc%eaous 
neoid to be taken for the water-line of part of the side of a vessel, which part is of the 
depth and that the resistance arising from friction between tbe water and tibie ve^l 
is to be expressed — ^the law of that friction being, that it varies m the square of the 
velocity of gliding, and as the extent of rubbing surface. 

That resistance is to be found (as already explained in a paper on Waves, published 
in the Philosophical Transactions for 1868) by determining the work performed m a 
second in overcoming friction, euad dividing by the speed of the vessel ; for thus is taken 
into account not only the direct resistance caused by the longitudinal component of the 
friction, but the resistance caused indirectly through the increase of pressure at the bow, 
and diminution of pressure at the stem, assuming the vertical disturbance to be unim- 
portant. 

Then for a part of the water-line which measures longitudinally dar, the extent of 
surface is 

U 

the friction on the unit of surface is 


2^ ’ 

where W is the weight of a unit of volume of water, and K a coefficient of friction ; 
and that friction has to be overcome through the distance while the vessel 

advances through the distance c, giving as a factor 


c 


Those three factors being multiplied together, and the result put uinier the sign of 
integration, give the follovting expression for the resistance. 


K= 


KW 

2^ 



(46 a) 


Another form of expression for the same integral is obtained by putting ^ dg or dt 
instead of ^ dr ; and a third form by putting for the elementary area of the mbbing sur- 
face the following value, 


dz.- 


.dq; 


where dq is the distance between the asymptotes of a pair of orthogcmal trajectoiieis, i 
^pMned in article 19. This gives for the resistance 




KWc*, 




■ • m 
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In pi^parmg these formnl® for int^rati«n, it is necessary to express the function to 
be int^rated in terms of constants and of the independent variable only, a?, or 
as the case may be ; for example, if ^ or ^ is the independent variable, the ^expression 
of the fiinction to be integrated is to be taken from the equations (80) of article 13. 

Owij]^ to the great complexity of that function, its exact integration presents diffi- 
culties which have not yet been overcome, although a probable approximate formula 
for the resistance has been arrived at by methods partly theoretical and partly empirical, 
as to which some further remarks will be made in the third section of this paper*. 

There is one particular case only in which the exact integration of equation (46 a) is 
easy, that of a complete circular water-line of the radius I ; and the result is as follows : — 


R= 


KWc* 


(48) 


(22.) Statement of the General Problem of the Water-Line of least Friction. — ^It is 
evident that, by introducing under the sign of integration in equation (18) of article 7 
an arbitrary function of a/, the integral may be made capable of representing an arbi- 
trary function of x and y, and will stil) satisfy the condition of perfect liquidity ; and 
thus the equation ^ . 




may be made to represent an arbitrary form of primitive water-line. 

To find therefore, by the calculus of variations, the water-line enclosing a given area 
which shall have the least friction, will require the solution of the following problem: — 
To determine the function <p{al) so that, with a fixed value of the integral the inte- 
gral m equation (46 a) shall be a minimum. 

(22 a.) Another Class of Plane Water-IAne Equations. — A mode of expressing the 
conditions of the flow of water in plane layers past a solid, differing in form from that 
made use of in the preceding parts of this paper, consists in taking for independent 
variables, not the coordinates of the water-lines themselves, x and but the coordi- 
nates of their asymptotes (^), and of the asymptotes of their orthogonal trajectories {q). 
These new variables are connected with x and y, and with the velocity of gliding, by 
the following equations : — 




dq db 
'dx ’ dy 


dq db ] 

dy * dx dx dy 
dq ' db 


dy dx 
"di'db 


It con be shown that in order to satisfy the condition of liquidity we must have 

y-ii’ 


(49) 


(50) 


• See the (Hvil Eng^eer and Architeef s Journal for October 1861, the Philosophical Transactions for 1863, 
the TraBsaeticais of the Institoflcm of Naval Architects for 1864, and a Treatise on Shipbuilding, published in 


1864. 
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where 4 denotes a fraction of ^ and such that 


and consequentiy that 


I dV 


= 0 ; 




• ( 61 ) 
. (62) 


The carves to which this method of investigation leads are inferior to oogenous nwds 
as water-lines for ships, because they have comparatively sharp curvature amidships, 
which causes them to have small capacity for their length and breadth, and would give 
rise to comparatively sudden changes in the speed of gliding. They will therefore not 
be further discussed in the present paper, except to state that the simplest of them is 
the well-known cissoid. 


SECTioif III. — Bemarks on the Practical Use of Oogenous Water-IAnes, 

(23.) Previous Systems of Water-Lines. — Owing principally to the great antiquity of 
the art of shipbuilding, and the immense number of practical experiments of which it 
has been the subject, that part of it which relates to the forms of water-lines has in many 
cases attained a high degree of excellence through purely empirical means. Excellence 
attained in that manner is of an uncertain and unstable kind ; for as it does not spring 
firom a knowledge of general principles, it can be perpetuated by mere imitation only. 

The existing forms of water-lines, whose merits are known through their practical 
success, constitute one of the best tests of a mathematical theory of the subject ; for if 
that theory is a sound one, it will reproduce known good forms of water-line ; and if it is 
a comprehensive one, it will reproduce their numerous varieties, which differ very much 
firom each other. 

The geometrical system of Chapman for constructing water-lines is wholly empirical ; it 
consists in the use of parabolas of various orders, chosen so as to approximate to figures 
that have been found to answer in practice, and it has no connexion with any mechanicai 
theory of the motion of the particles of water. 

The first theory of ships’ water-lines which was at once practically useful, and based 
on mechanical principles, was that of Mr. Scott Russeel, explained in the first and 
second volumes of the Transactions of the Institution of Naval Architects. It consists 
of two parts ; the first has reference to the dimensions of water-lines intended for a given 
maximum speed, and prescribes a certain relation between the length of those lines and 
the length of a natural wave which travels with that speed ; the second part relates to 
the form of those Hues, and prescribes for imitation the figures of certaia natural waves, 
as being lines along which water is more easily displaced thmi along other lines. The 
figures thus obtained are known to be successful in practice ; but it is also well knpTO 
that there are other figures which answer well in practice, differing considerably ftom 
those wave-lines; and it is desirable that the mathematic^ theory of the subject should 
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fenbrace tbo^ figxires abo. It may further be observed that the figure of the solitary 
wave, as invest%ated experimentally by Mr. Scott Russell (Reports of the British Asso- 
datioB, 1845), and mathematically by Mr. Eaenshaw (Camb. Trans. 1845), is that of a 
wave propagated in a canal of small breadth and depth as compamd with the dimen- 
sions of the wave, and in which particles of water originally in a plane at right angles 
to the direction of motion continue to be very nearly in a plane at right angles to the 
direction of motion, so as to have sensibly the same longitudinal velocity. This state of 
things is so different from the circumstances of the motions of the particles in the open 
-sea, that it appears desirable to investigate the subject with special reference to a mass 
<of water of unlimited breadth and depth, as has been done in the previous sections of 
this paper. 

(24.) Variety of Forms of Oogenous Neoids, and their likeness to good known Forms of 
Water-Line . — The water-lines generated from ovals which have been described in the 
second section of this paper, are remarkable for the great varieties of form and propor- 
tions which they present, and for the resemblance of their figures to those of the water- 
lines of the different varieties of existing vessels. There is an endless series of ovals, 
having all proportions of length to breadth, from equality to infinity ; and each of those 
ovals generates an endless series of water-lines, with all degrees of fulness or fineness, 
from the absolute bluffaess of the oval itself to the sharpness of the knife-edge. Fur- 
ther variations niay be made by taking a greater or a less length of the curve chosen. 

The ovals are figures suitable for vessels of low speed, it being only necessary, in 
order to make them good water-lines, that the vertical disturbance (as explained in 
art. 20) should be small compared with the vessel’s draught of water. At higher speeds 
the sharper water-lines, more distant from the oval, become necessary. The water-lines 
generated by a circle, or “ cyclogenous neoids,” are the “ leanest ” for a given propor- 
tion of length to breadth ; and as the excentricity increases, the lines become “ fuller.” 
The lines generated from a very much elongated oval approximate to a straight middle 
body with more or less sharp ends. In short, there is no form of water-line that has been 
found to answer in practice which cannot be imitated by means of oogenous neoids. 

(25.) Discontinuity at the Bom and Stem. — Best limits of Water-Lines . — Am ongst the 
endless variety of forms presented by oogenous water-lines, it may be well to consider 
whether there are any which there are reasons for preferring to the others. One of the 
questions which thus arise is the following : — Inasmuch as all the water-line curves of a 
series, except the primitive oval, are infinitely long and have asymptotes, there must 
necessarily be an abrupt change of motion at either end of the limited portion of a 
curve which is used as a water-line in practice, and the question of the effect of such 
■abrupt change or discontinuity of motion is one which at present can be decided by 
observation and experiment only. Now it appears from observation and experiment, 
that the effect of the discontinuity of motion at the bow and stem of a vessel which has 
^an entrance and run of ordinary sheirpness and not convex, extends to a veiy thin layer 
of water .only, and that beyond a short distance from the vessel’s side the discontinuity 
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qeases, through som^ 8%ht modification of ihe water-lines of which the mathematiead 
theory is not yet ad^nate to give an exact account*. 

Still, although the effect of the discontinuity in increasing resistance may not yet 
have been reduced to a mathematical expression, and although it may be ^ small that 
our pre^nt methods of experimenting have not yet detected it, it must have some 
value ; and it is desirable so to select the limits of the water-hne as to make that value 
as small as possible. In order that the abrupt change of motion may take place in as 
small a mass of water as possible, it would seem that the limits of the water-line 
employed in practice should be at or near the point of slowest gliding ; that is, where 
the water-hne curve is cut by the trajectory of slowest gliding LN, in Plate VIII. %. 1, 
and Plate IX. fig. 3, as explained in articles 14, 15, and 16 ; and that conclusion is borne 
out by the figures of many vessels remarkable for economy of power. 

(26.) Preferahle Figures of Wat&r-IAnes, — In forming a probable opinion as to which, 
out of aU the water-lines generated by a given oval, is to be preferred to the others, 
regard is to be had to the fact, that every point of maximum disturbance of the level 
of the water, whether upwards or downwards, that is to say, every point of maximum 
or minimum speed of gHding (see article 20), forms the origin of a wave, which spreads 
out obliquely from the vessel (as may easily be observed in smooth water), and so 
transfers mechanical energy to distant particles of water, which energy is lost. Hence 
such points should be as few as possible ; and the changes of motion at them should be 
as gradual as possible; and these conditions are fulfilled by the curves described in 
article 17, by the name of Lissoneoids,” being those which traverse the point P in 
the figures, and which may have any proportion of length to breadth, from \/3 to 
infinity. 

(27.) Ap]grommate Mules for Condruction and CalcvioMm. — The description of those 
cuives, already given in article 17, has been confined to those properties which are 
exactly true. The following rules are convenient approximations for practical purposes, 
whm tlw 'proi^ofriim of length to breadth is not less than 4 : 1 (see Plate IX. figs. 3 & 4). 

I. A tangent to the curve at Q, the point of slowest gliding, passes very nearly through 
the point P of greatest breadth. 

II. The area PQK enclosed within the water-line is very nearly equal to the rectangle 
of the breadth PE and excentricity a. (When the length is not less than six times the 
breadth, this rule is almost perfectly exact.) 

* In confirmation of this, experiments made on the steamere ‘Admiral ^ and ‘Lanoefield/ by Mr. J. E. Na- 
MBE and the author, may be specially referred to. The water-lines of the ‘Admiral * complete trochoids, 
and tangents to the longitaditral axis at the bow and Btem. The engine-power reqnired to drive her at her 
intend^ speed was competed from the frictional resistance, according to principle espMned in publications 
already referred to in the note to article 21 ; and the result of the calculation w^ dosely verified by experimmit. 
The water-lines of the ‘ Lancefield ^ are only pxtly trochoidal, being straight from the point of contrary flexure 
to the bow, so that, instead of being tangents there to the longitudinal axis, they form with it angles of about 
13|°. Yet the same formula which gave the instance of the ‘ Admiral ' has been found to ^ve also the re^t- 
anoe of the ‘ Lancefield ’ without any addition on account of the discontinuity of motion at the 
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in. For the trajectory of slowest gliding, LN, there may be substituted, without 
practical error, a straight line cutting the axis OX in L at an angle of 45° ; and when 
this has been done, the excentricity OA or a is almost exactly equal to the length 

x“(=ir5^)' 

and this of course is also the ratio of the area to the circumscribed rectangle. The base 
OL or I also is very nearly equal to (the sum of the length and breadth) X *634. 

IV. Hence the following approximate construction. Given, the common length QR 
of a set of water-lines of smoothest gliding which are to have a common termination at 
Q, and their breadths EPi, RPa, EP 3 , &c. : required, to find their areas, bases, and foci. 

Through Q and E draw the straight lines QU and EU, making the angles EQU=45°, 
QRU=30°. Through their intersection U draw UV perpendicular to EQ. All the 
required foci will be in UV ; and EV will be the length of the rectangles equivalent to 
each of the water-line areas ; so that 

area P^ QEi=EV x FP^ , 
area P* QE 2 =EV x KPj , 

&C. &c. 

Through P^ , P 3 , Pj, &c. draw lines parallel to EU, cutting QU in L, , La, L 3 , &c. : these 
points wiE be the ends of the bases required, through which draw the bases L, O, , 
La O 3 , Lj O 3 , &c. parallel to QR, and cutting VU in A^ , Aj , A 3 , &c. : these wiE be 
the required foci. 

The bases and foci and the points P, , Pa, Pg , &c. being given, the water-lines are to be 
constructed by the rules given in article 11 . 

(28.) lAssonmds compared with TrocJmds. — In fig. 5, Plate IX., the Ml Hne PQ is a 
lissoneo'id, and the dotted line P^* a trochoid of the same breadth and area. The curves 
Ee very near together throughout their whole course — ^the only differences being, that 
the trochoid is slightly less fuE and more hoEow than the Essoneoid, but at the same 
time the trochoid is the longer and has a greater feictional surface. Had the entrance 
of the trochoid consisted of a straight tangent from its point of contrary flexure (as in 
the bow of the ‘Lancefield,’ mentioned in the note to article 25), the two curves 
would have lain stEl clc^r together. The same Ekeness to a trochoid is found in aE 
Essoneoids whose length is more than about 3J times the breadth. 

(29.) (kriMwitkms of Bow and Stem. — ^Although there is reason to beEeve that 
water-lines of equal length and simEar form at the bow and stem, such as are produced 
by using one neoid curve throughout, are the best on the whole, stiE the naval archi- 
tect, should he think fit, can combine two different oogenous neoids for the bow and 
stem; or, according to a frequent practice, he may adapt the figure of the stern to 
motion of the particles in vertical layers instead of horizontal layers ; provided he takes 
care in every case that the midship velocity of gliding as given by equation (28 a) 
of artide 13) is the imme for eadi bow water-Ene and stem watm:-line at thek point of 
junction. 
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(30.) Provisimal FommU for Besktm ^^ — Until the difficulty of intention, men- 
tioned in article 30; shall have been overcome, or until more exact experimental data; 
than we have at present shall have been obtained, the following provisional formula,' 
analogous to that which has been found to agree with the results of experiment on 
trochoidal and nearly trochoidal lines, as well as some others, may be considered as a 
probable approximation for lissoneoids, 

R=^.(i+4^)lG; (53) 

where G is the mean girth of the vessel under water ; L her total length ; the mid- 
ship velocity of gliding, found, for a lissoneoid, by equation (37) of article 17 ; c the 
speed of the ship; W the heaviness of water; and K a coefficient of friction (= about 
‘0036 for a clean surface of paint). 


APPEJfUIX. 

Note to Article 11. — The general process of constructing a series of cuives whose 
equation is <p((r, y)-f y) = constant, by drawing lines diagonally through a network 
consisting of two sets of curves whose equations are respectively y) = constant and 
•i^(^, y) = constant, is due to Professor Cleek Maxwell. 
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XI. On the Joint-Systems of Ireland and Cornwall, and their Mechanical Origin. 
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CoKTBirre. 

Introduction. 

Part I. On the Joint-SysteroB of the co. Donegal. 

Part n. On the Joint-Systems of the Moume and Newry Mountains. 

Part III. On the Joint-Systems of Cornwall. 

Part IV. On the Joint-Systems of the co. Fermanagh. 

Part V. General Conclusions from the foregoing Observations. 

Part VI. Mechanical Theory of Rock Joints, and its comparison with the conclusions drawn in Part V. from 
observation. 


INTRODUCTION. 

In the Philosophical Transactions for 1858, 1 have given an account of the Joints of the 
Old Ked Sandstone of the co. Waterford, and demonstrated in it the existence of the 
following Systems of Joints (page 348) : — 


32" 26' N. ofE. (True.) 


A . . 81 observations . 
C . . 49 


A' . .135 observations . 

O . . 47 


A" . . 14 observations . 

C' . . 12 


A'" . . 1 observation . 

C'" . . 6 observations . 


First Conjugate System, 

. 7°46'N. ofE. (Mag.) 

. 6"5rW. ofN. „ 

Second Conjugate System. 

. 33"3rN. ofE. (Mag.) 

. 35° 23' W. of N. „ 

Third Conjugate System. 

. 30° 30'S. ofE. (Mag.) 
. 29° 10' E. of N. „ 

Fourth Conjugate System. 
. 10° O'S. ofE. (Mag.) 

. 9°30'E. ofN. „ 


31° 37' W. ofN. 


58° 11' N. of E. (True.) 
60° 3' W. of N. , 


5° 50' S. ofE. (True.) 
4° 30' E. ofN. „ 


Since the publication of the foregoing account, I have found the system (A, C) in 
Donegal, Moume, Cornwall and elsewhere, and have reason to believe it to 1 e the 
most important of all the joint-systems of Waterford. I shall therefore call it the 
Primaxy System of Conjugate Joints, and the systems (A', C') and (A", C") I shall call 

8g2 
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correlated Secondary Systems of Conjugate Joints, as I believe that they can be shpwn 
to be simple mechanical consequences of the Primary System (A, C). 

Neglecting for the present the system (A"\ C'"), the whole of the Joints of Water- 
ford may be represented by the foliondng diagram (fig. 1), to which 1 shall frequently 
have occasion to refer. 

Fig. 1. 



It will be observed that the Primary System (A) divides somewhat unequally the 
angle between (A') and (A''). 


Angle between A and A' . 

. 25 45 ) 

„ C and C' . 

. 28 26 f 

Angle between A and A” . 

. 38 16 ) 

„ CandC' . 

. 36 7 i 


Mean =27 


Mean = 37 


6 . 

11 . 


Paet L— on the JOINT'-STSTEMS of the CO. DONEGAL. 

The following Tables give the bearings of all the joints observed, arranged according 
to their azimuths, together with the locality, and a statement of the rock in which the 
joint was observed. In each locality several joints of the same bearing were measured, 
but only one is recorded. 


Table I. — East and West Joints in Donegal. 


ISQ 

Bearing. 

Dip. 

Localitr. 

Rock. 

1 

45 N . of E. 


Between Dunglow and Doochan v, 

Granite. 

2 

45 


Culdaff. 

Quartzite. 

i 3 

35 „ . 


The Mintiaghs- 


, 4 

35 


Urrismenagh. 

Granite. 

' 5 

.^0 

90 

Gweebarra, South. 


, 6 

30 


'Fhe Mintiaghs. 

i Syenite. ! 

7 

30 i 


Gap of Mamore. 

Quartzite. i 

‘ 8 

20 


Barnesmore. 

Granite. j 

9 

20 


Barnesbeg. 


10 


80 N. 

Doocharry Bridge. 
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Table I. (continued). 


No. 

Bearing. 

Dip. 

Localitr 

Bock. 

11 

10 N. ofE. 


GlenleJieen, 

Granite. ' ! 

12 

10 


Between Glenties and Gweebarm. 


13 

7 


Bamesbeg. 

„ 

14 

7 


Lackagh Bridge. 

„ 

15 

5 


Bamesbeg. 

„ 

16 

5 


Lackagh Bridge. 

„ 

17 

5 


Milford, 

Quartzite. 

18 

0 E.W. 

90 

Annagary. 

Granite. 

19 

0 „ 


Fanad. 

„ 

20 

5 S. of E. 


M'^Swyne’s Gun. 

Syenite. 

21 

10 


Barnesmore. 

Granite. 

22 

10 


Malin. 

Quartzite. 

23 

10 


Moville. 

Mica-slate. 

24 

10 


Shalwy. 

Carb. Limestone. 

25 

10 

90 

Between Doocharry and Fin town. 

Granite. i 

26 

35 

90 

Shalw'y. 

Old Red Conglomerate. ; 

27 

35 


The Mintiaghs. 

Quartzite. ' 

28 

40 


The Mintiaghs. 

Svenite. 

29 

40 


Bamesbeg. 

Granite. 


Table II. — 

North and South Joints in Donegal. 

Iso. 

Bearing. 

Dip. 

Locality. 

Bock. j 

1 

40 E. of N. 

- 

CuldafF. 

Quartzite. j 

2 

30 „ 

90 

Shalwv. 

Old Red Conglomerate, j 

3 

15 „ 


Meen Banad. 

Granite. , 

4 

10 „ 


Shalwy. 

Carb. Lin)estone j 

6 i 

10 „ 

80 E. 

Sheskina Roan. 

Granite. i 

6 1 

7 » 

90 

Annagary Hill. 

1 

7 ! 

5 „ 


M^^Swyne’s Gun. 

Syenite. 1 

8 

5 „ 


Glen (North). 

Granite. j 

9 

5 „ 


Fanad. 

,, ; 

10 

5 „ 


The Mintiaghs. 

Syenite. 

11 

0 N.S. 



Bamesbeg. 

Granite. 

12 

0 „ 


Glen (North). 


13 

0 „ 


Sheskina Roan. 


14 

5 W. of N. 


Bamesbeg. 


15 

5 „ 


Milford. 

Svenite. 

16 

5 


Glenlelieen. 

Granite. 

17 

5 „ 

90 

Lough Ann re. 


18 

7 


Lackagh Bridge. 


19 

10 


Between Glenties and Gweebarra- 


20 

10 „ 


Gweebarra (South). 

i 

21 

10 „ 

80 E. 

Doocharrv Bridge. 


22 

10 „ 

90 

Annagary Hill. 


23 

10 „ 


Betw’een Dunglow' and Doocharrj. 


24 

10 „ 

90 

Between Doocliarry and Fintown, 


25 

10 „ 


Glen (North). 


26 

10 „ 


Lackagh Bridge. 


27 

10 „ 


Ards. 

Quartzite. 

28 

15 


Fintown Gap- 

Gneiss. 

29 

20 


Urrismenagh. 

Granite. 

30 

20 


Glen (North). 


31 

22 „ , 


Urrismenagh. 

1 

32 

25 „ 


Fanad. 

i 

33 

25 „ 



Bamesbeg. 

! *' . ' 

34 

40 


Gap of Mamore. 

1 Quartzite. 

35 

42 „ i 


Bamesbeg. 

j Granite. 
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If we arrange the 64 observations recorded in the preceding Tables according to their 
azimuths and the number of observations corresponding to each, we shall obtain the 
following : — 

Table III, — Joints of Donegal, arranged according to azimuths and number 
of observations. 


Azimuth. 

No. of observations. 

42 W. of N. 

1 

40 „ 

1 

25 „ 

2 

22 

1 

20 

2 

10 „ 

10 „ 

9 

7 

1 

5 „ 

4 1 

0 N.S. 

3 

5 E. ol‘ N. 

4 





10 

2 

15 „ 

1 

30 „ 

1 

40 „ 

1 

46 N. of E. 

2 

35 

2 

30 „ i 

3 

20 „ 

2 

15 „ 

1 

10 „ 

2 

7 „ 

2 

5 „ 

3 

0 E.W. 

2 i 

5 S. of E. ’ 

1 ' 

10 „ 

1 5 i 

35 „ 

2 

40 

! 2 


Total 64 


An inspection of this Table shows that, of the 64 observations, 24 are included in the 
angle between 10'* E. of N. and 10° W. of N., and that 15 are included in the angle 
between 10° N. of E. and 10° S. of E., — making a total of 39 in 64, or 61 per cent of 
the whole number of observations contained between these two limits. Dividing the N.S. 
observations equally between those that lie to the E. and W. of North, we find the 
following mean azimuths : — 

I. T 33^ W. of N. from 15 J observations =24 per cent. 

II. 5° 32^ E. of N. from 8| observations =13 per cent 

In like manner, dividing the E,W. observations equally between those that lie to the 
N, and S. of East, we find the following mean azimuths : — 

III. 6° 7' N. of K from 8 observations =12^ per Cent. 

IV. 7° 51' S. of K from 7 observations =11 per cent* 
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From Table III. it also appears that between 30° and 35° North of East, there are 
five observations, whose mean is 


V. 32° 0' N. of E. from 5 observations = 8 per cent. 


The accompanying diagram (fig- 2) is a graphical repre- 
sentation of Table III., and shows sufficiently well the 
five systems of ioints that have been deduced from that 
Table. 

Of the joints themselves, I. and III., II. and IV. are 
evidently conjugates, being nearly at right angles respect- 
ively, while V. belongs to a system different from the others. 

Adopting the notation used by me already* in my paper 
on the Joints of the co. Waterford, and comparing the results 
there obtained with those here found, we may construct the 
following Table : — 


Fig. 


c 



Table IV. — Comparison of the Joints of Donegal and Waterford. 


(C). 

West of North (Magnetic). 

(A). 

North of E^t (Magnetic). 

! (C). 

! West of North (true bear- 
i ingst). 

(A). 

North of East (true bear- 
ings). 

Donegal. 

Waterford. 

Donegal, j Waterford. 

i Donegal, j Waterford. 

Donegal. 

Waterford, 

7° 33' 

6° 57' 

6° 7' i 7" 46' i' 34° 13' 31° 37' 32° 47' 

! i' 

32° 26' 

Angle of Axe. = { °Sord} 

(G-). 

East of North (Magnetic). 

(A'"). 

South of East (Magnetic). 

1 

1 West of North (true bear- 

1 

North of East (true bear- 
ings). 

Donegal. 

Waterford. 

Donegal, j Waterford. 

j Donegal. 

Waterford. 

Don^aL 

Waterford. 

5° 32' 

9° 30' 

7° 51' j 10° 0' 

1 21° 8' 

15° 10' 

18° 49' 

14° 40' 


Angle of Axe. = | 


(A')- i 

North of East (Magnetic). 1 

(AO. 

East of North (true bearing). 

Donegal. 

Waterford. ; 

Donegal. 

Waterford. 

32° 0' 

33° 31' ; 

31° 20' 

31 49' 


The agreement between the respective systems A, C and A is very remarkable ; that 
between A'" and in the two localities, is perhaps as good as can be expected from the 


* Pliilc«opliical Transactions, 1858, p. 333. 

t The magnetic variation in Donegal was 26° 40' W. and in Waterford 24° 40' W. 
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limited number of observed planes, which was 15|in Donegal, and only 7 in Waterford, 
where this conjugate .system is vei^ subordinate in 
importance. 

The annexed diagram (fig. 3) shows the Donegal 
joints divided into two conjugate systems, (A, C) and 
(A'", O"), together with one- plane (A) of a third 
system ; aU of which are represented in the co. 

Waterford. 

Of the whole G4 joints recorded, 44, or 69 per cent., 
are involved in these five planes ; and the number of 
observations belonging to each is placed beside its 
designation in the diagram. 

If we combine together the systems (A, A") and 
(C, C"'), we obtain the following as the most simple 
combination of joints observable in Donegal. 

No. of observations. Magnetic bearing. True bearing. 

1. Primary System (A— A"') . . 16 . . 0° 24' S. of E. 26° 16' N. of E. 

IL Conjugate Piimary (C—C'") . 24 . . 2°55'W. ofN. 29° 35' W. of N. 

111. Secondary System (A) ... 5 . . 32° O'N. ofE. 58° 48' N. of E. 

The angle between the Primary System and its Conjugate (A, C) is therefore found 
to be 93° 19'. 

And the angle between the Primary and Secondary Systems (A, A') is 32° 24'. 

The angle between (A, C) and (A', C') in the co. Waterford has been already stated 
to be 27° 5'. 

Paet II.— on the JOINT-SYSTEMS OF THE MOURNE AND NEWRY MOUNTAINS. 

The following Tables contain the observed joint-planes of the Moume and Newry 
mountain district. 

Table V. — North and South Joints of the Moume and Newry Mountains. 

Dip 


N. 

; 4 45 „ 65 N. 

5 45 „ 90 

6 30 „ 90 

7 30 „ 55 E. 

8 30 „ 60 E. 

* The raihvaj cuttings are from the Main Line Station of the Dublin and Belfast Junction Rahway to the 
open plain under Slieve Grullion. 


Xo. I Bearing. 

^ — : 

1 I 45 \V. ot N. 

2 I 45 „ 70 

3 ! 45 „ 90 


Locality. 

Bock. 

Railway cutting*. 

Granite. 

Back of Eagle Mountain. 

I,’ 

Campbell’s Quarry, Newry. 

- 

,) ft 

Summit of Eagle Mountain. 


Killowen. 

Slate. 

! ” 
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Table V. (continued). 


No. 

Bering. 

Dip. 

Locality. 

Rock. 

9 

25 W, 

ofN. 


Railway cutting. 

Granite. 

10 

25 


90 

Killowen. 

Slate. 

11 

20 


80 E. 

Eagle Mountain (summit). 

Granite. 

12 

15 




Railway cutting. 

„ 

13 

15 


75 E. 

„ 

„ 

14 

15 


80 E. 

„ 

„ 

15 

15 




„ 


16 

15 


90 to 65 E. 

Wellington Inn *. 

„ 

17 

15 


90 to 65 E. 


„ 

18 

15 



Rostrevor. 

Slate. 

19 

15 



Eagle Mountain (summit). 

Granite. 

20 

15 


90 

Slieve Bingian. 

„ 

21 

10 


70 E. 

Railway cutting. 

„ 

22 

10 


90 

Rostrevor. 

Slate. 

23 

5 


90 

Back of Eagle Mountain. 
Campbell’s Quarry, Newr}’. 

Granite. 

24 

5 


90 


25 

5 


80 E. 

M »» 


26 

27 

28 

0 N.S. 

0 „ 

0 „ 

90 

90 

90 

Eagle Mountain. 

;; 

” 

29 

5 E. 

of N. 

80 E. 

Campbell’s Quarry, Newry. 

99 

30 

10 

„ 


Railway cutting. 

Slate. 

i 31 

15 

„ 

90 

Rostrevor. 

i 32 

15 


1 90 

Killowen. 

„ 

33 

15 . 


1 90 

Eagle Mountain. 

Granite. 

34 j 

15 


i 90 

Campbell’s Quarry, Newry. 


35 1 

15 


90 

„ „ 

„ 

36 ! 

15 

„ 

80 E. 

99 99 

„ 

37 i 

20 


90 

99 ^ 

„ 

38 1 

20 


65 E. 

Railway cutting. 

Slate. 

39 1 

20 


Rostrevor. 

40 

20 


70 W. 



41 1 

22 



Slieve Bingian. 

Granite. 

42 1 

25 

99 

90 

Railway cutting. 

„ 

43 1 

30 


90 

„ 

„ 

44 i 

30 



„ 

„ 

45 ! 

30 


90 

99 

„ 

46 ^ 

30 


90 


„ 

47 

40 


90 

Campbell’s Quarry, Newry. 


48 

40 



Railway cutting. 


49 

45 



„ 


50 

45 


80 E. 

V9 

„ 

51 

45 



99 

„ 

52 

45 

99 

90 

Summit of Eagle Mountain f. 

>» 

53 

46 

99 

90 

99 99 


54 

45 


90 

99 99 

„ 

55 

! 45 


80 W. 

Campbell’s Quarry, Newry. 



* These joints are beautiMly curved. 

t These joints form the faces of the splendid granite columns, 150 feet in height, for which this mountain is 
celebrated. 


3 H 
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Table VI. — ^East and West Joints of the Monme and Newry Mountains. 


No. 

Bearing. 

Dip. 

LocaKty. 

Eock. 

1 

40 N. of E. 

90 

Columns at summit of E^Ie Mountain. 

Granite. 

2 

40 

90 

» » M 

„ 

3 

35 » 


Railway cutting. 

„ 

4 

30 

90 

Summit of Eagle Mountain. 

„ 

5 

30 

65 N. 

Rostrevor. 

Slate. 

6 

30 „ 

90 

Railway cutting. 

Granite. 

7 

20 

65 N. 

„ 


g 

20 „ 

45 S. 

Rostrevor. 

Slate. 

9 

15 


Railway cutting. 

Granite. 

1 10 

15 




; o 

15 



„ 

12 

15 

90 

Campbells Quarry. 

„ 

13 

10 




14 

10 

90 

Rostrevor. 

Slate. 

15 

10 

60 N. 

„ 

„ 

16 

10 

90 

Eagle Mountain. 

Granite. 

1 17 

5 

i 26 N. 

Rostrevor. 

Slate. j 

! 18 

0 E.W. 

I 80 S. 

Railway cutting. 

Granite. | 

: 19 

0 „ 

..... 

” I 


! 20 

0 ,, 

90 

„ 


1 21 

0 » 

60 N. 

Eagle Mountain. 

„ 

22 

0 „ 

90 


„ 

23 1 

5 S. ofE. 

90 

» i 


24 1 

5 

80 N. 

Campbell’s Quarry. 

99 

25 1 

5 

85 N. 

Slieve Bingian. 


26 i 

20 


„ 


27 i 

22 



H 

28 

25 


„ 

9f 

29 

25 

70 N. 

Campbell’s Quarry. 

99 

30 

25 


Railway cutting. 

9> 

31 

30 „ j 

90 

Eagle Mountain. 

99 

32 

30 „ 1 

70 N. 

Railway cutting. 

99 

33 

40 „ 1 

90 

„ 1 

99 

34 , 

40 „ 1 

70 N. 

Campbell’s Quarry. 1 

\ 99 


Collecting together into one Table the 89 observations, and arranging them by 
azimuths and the number of observations belonging to each, we find the following : — 
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Table VII. — Joints of the Moume and Newry Mountains, arranged according to 
azimuths and number of observations. 


Azimuth. 

Number of olseiTations. 

45 W. of N. 

5 

30 „ 

3 

25 

2 

20 

1 

15 

9 

10 

2 

5 

3 

0 N.S. 

3 

5 E. of N. 

1 

10 „ 

1 

15 „ 

6 

20 „ 

4 

22 „ 

1 

25 „ 

1 

30 „ 

4 

40 „ 

2 

45 „ 

7 

40 N. of E. 

2 

35 „ 

1 

30 

3 

20 „ 

2 

15 

4 

10 „ 

4 

5 » 

1 

0 E.W. 

5 

5 S. of E. 

3 

20 „ 

1 

22 „ 

1 

25 

3 

30 „ 

2 

40 „ 

2 

Total 89 


The accompanying diagram (fig. 4) represents graphi- 
cally the preceding Table. 

From an examination of Table VII., it appears that 71 
per cent, of the total observations may be included in six 
systems of joints, each contained within limits of 10 ®. 


1 . 

Between 5 and 15 W. of N. . . . 

14 observations. 

2 . 

„ 15 and 25 E. of N. . . , 

12 


3. 

„ 40 and 50 E. of N. . . . 

7 


4. 

„ 10 and 20 N. of E. . . . 

10 


6. 

„ 5N. ofE. and5°S. ofE. 

9 


6. 

„ 45and20W. ofN. . . . 

11 

5 ? 


Fig. 4. 



63 or 71 per cent of 89 observations. 


3h2 
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The precise bearings of these systems are — 


I. 

12 

8W. ofN. . 

. . . (C). 

2. 

18 

5 E. of N. . 

. . . (C"). 

3. 

45 

OE. ofN. . 

. . . (A'). 

4. 

14 

ON. ofE. . 

. . . (A). 

5. 

1 

6 S. of E. . 

. . . (A"). 

6. 

46 26 W. ofN. . 

. . . (O'). 


Of these systems of joints, 1 and 4, 3 and 6 are evidently conjugates, and neither 
system closely corresponds with those of Waterford and Donegal, although that named 
(A, C) comes within a few degrees of (A, C) of those localities. 

The Conjugate Joint-Systems of the Mourne and Newry Mountains are therefore as 
follows : — 

Table VIII. — Conjugate Joints of the Mourne and Newry Mountains. 


Designation. 

Magnetic bearing. 

True bearing*. 

Angle from 
East to North. 

A 

14 ON. ofE. 

39 40 N. of E. 

1 88 8 

C 

12 8W. ofN. 

37 48 W. of N. ! 

A' 

45 0 E. of N. 

19 20 E. of N. ] 

j 88 34 

C' 

46 26 W. ofN. 

17 54 S. of E. 


In addition to the foregoing systems, which are evidently conjugate, we have the 
other systems, 2 and 5. 


1 

Magnetic bearing. 

True bearing. 

i 

1 System No. 2 

18 5E. ofN. 

; 7 35 W. of N. 

S 3 '^stem No. 5 (A"). 

1 6 S. of E. 

1 24 34 N. of E. 


The accompanying diagram (fig. 5) exhibits the 
six systems of joints just described, with the num- 
ber of observations on which each is founded. 

A very remarkable system of trap dykes pene- 
trating the granite is exhibited in the railway cut- 
tings from the Goragh Wood station to Slieve Gul- 
lion, in the Newry Mountains. 

They are twenty-five in number, and are given in 
the following Table, numbered in order from Goragh 
Wood to Slieve Gullion. It appears evident fronr 
the Table that they are all reducible to four systems, 
two of which have directions closely corresponding 
with the joint-systems (C) and (G) already found. 

* The magnetic variation of the Mourne district was 25° 4(H W. 


Fig. 5. 
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Table IX. — Trap Dykes in Granite between Goragh Wood and Slieve Gullion. 

System (A")? 


No. 

Bearing. 

1 Hip* 

i 

1 

15 

10 S. of E. 

i 

! 60 S. 

Dolerite. 

17 

20 „ 

j 50 S. 

Dolerite. 


System C. 


No. 

Bearing. 

Dip. 


1 

10 W. of N. 


j 

5 

15 „ 

— E. 

1 

7 

5 „ 

90 


9 

16 „ 

90 


13 

15 

70 E. 


16 

15 

70 E. 

Basalt. 

18 

15 „ 

45 E. 


19 

20 

70 E. 


20 

15 „ 

90 


21 

15 „ 

70 E. 

! 

22 

15 „ 

65 E. 


23 

15 „ 

70 E. 

1 

24 

10 „ 

90 

j 

26 

10 

70 E. 

! 1 

, Mean 

13° 34' W. ofN. 

i ; 


System A. 


No. 

[ Bearing. 

i Dip. 1 

10 

1 

30 E. of N. 

65 W. ! 

12 

55 „ ! 

1 SO ! 


System C. 


No. 

Bearing. 

, Dip. 

2 

45 W. of N. 1 


3 

45 

70 N. 

4 

35 „ j 

70 N. 

6 

45 „ j 

90 

8 

50 „ 

65 S. 

11 

50 

75 N. 

14 

35 „ 

45 S. 

Mean 

43 ° 34 ' W. OfN. 

1 


The trap dykes, with which other and distant parts of the Mourne district are inter- 
sected, coirespond in general direction with the joint-systems already found, as is shown 
by the following, among other examples : — 
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Trap Dykes of Systems A and A^ 


Bearing 

j ‘ 

Eoek. 

LoMlity. 

5 N. of E. 

i 0 

1 50 S. 

Felstone djke in flate. 1 

Rostrevor. 

E.W. 

i 90 

Greenstone dyke (19 feet wide) in slate. 

Rostrevor. 

5 N. of E. 

j 90 

Greenstone dyke (12 feet wide) in slate. 

Killowen. 

10 N. of E, 

1 

Greenstone in slate. 

Clogh More. 

15 N. of E. 


Dolerite in slate. 

Slieve Bawn. 

6 S. of E. 

1 85 N. 

Felstone porphyry in granite. 

Slieve Bingian (little). 

lOS. ofE. 

; 90 

Felstone in slate. 

Arnaer's Hole. 

20 S. of E. 

! 90 

El van in granite. 

Slieve Bingian. 


Trap Dykes of System C. 


Bearing. i 

Dip. 

Rock. 

1 Locality. 

° N.S. 

96 

Basalt dyke in granite. 

Ballymacilreiny. 

1 0 W. of N. 

80 W. 

Greenstone dyke in slate. , 

Carlingford Mountain. 

5 W. of N. 

30 W. 

Syenite in slate. | 

Carlingford Pier. 


We have therefore evidence of the existence of the following systems of Joints and 
Dykes in the Moume and Newy Mountains : — 

I. Primary System : — 

(A). Joints. . . 14*^ O'N. ofE. (Mag.)=39M0'N. ofE. 

II. Conjugate of Primary : — 

(C). Joints. . . 12° 8 ' W. of N. (Mag.) =37° 48' W. of N. 

Dykes. . . 13° 34' „ „ =39M4'W. ofN. 

III. First Secondary System : — 

(A'). Joints. . . 45° O'E. ofN. (Mag.)=19° 20'E. ofN. 

IV. Conjugate of First Secondary: — 

(O). Joints ... 46° 26' W. of N. (Mag.)=17° 54' S. of E. 

Dykes ... 43° 34' „ „ =20° 46' S. of E. 

V. Second Secondary System : — 

(C"). Joints . . 18° 5' E. of N. (Mag.)=7° 35' W. of N. 

The angles between the Primary and Secondary Systems are 
Between Primary and First Secondary Systems — 

A— A' 31^ 0' 1 

C—C' (Joints) 34° 18' 1 = 31 ° 46 '. 

C—C' (Dykes) 30° 0 ' J 

Between Conjugate to Primary and Second Secondary^ 

C— O' (Joints) 30° 13' 1 ^ 

C — C" (Dykes and Joints) , . . 31° 39' j ^ ' 
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Past in.— ON THE JOINT-SYSTEMS OF COENWALL. 

The following notice of the Joint-Systems is founded on my own observations, with 
the exception of the two sets of observations made by Sir H. Db la Beche and Mr. N. 
Whitley, which I was permitted to copy by tracing from the diagram deposited in the 
Museum of the Geological Society of Cornwall, in Penzance. 

Sir H. De la Beche and other observers have noticed the relation between the direc- 
tions of the lodes and of the joints in ComwalL This relation is even more intimate 
than they supposed, and extends to the Secondary Joints, which are well represented in 
the mines by the Gaunter Lodes, while the Conjugate Joints are represented by the 
Cross Courses. 

Joint-Planes observed in Cornwall. 


System A. 


So. 

Bearing. 

Dip. 

Locality. 

Rock. 

1 

10 N. of E. 

90 

Land’s End. 

Granite. 

2 

E.W. 

90 

Carn Bosavern. 


3 

E.W. 

90 

Cam Marth. 

1 

From the MS. observations of Sir H. De la Beche and Mr. N. Wihtley, i 

i 

in the Geological Society of Penzance. 


4 

24 N. ofE. 


Land’s End. 

Granite. 

5 

21 » 




6 

3 » 




7 

6 „ 


Gunnis Lake 


8 

8 S. of E.; 




9 

8 N. of E. 




10 

u 




11 

6 




12 

9 „ 




13 

10 S. of E. 


Trincomlee Hill. 

1 

jMean 

6° 23' N. of E. 

; 1 ' 


System C. 


j No. 

Bearing, 

Dip. 

LocaUty. 

Rock. 

1 

16 W. of N. 

96 

Land’s End. 

Granite. 

2 

N.S. 

90 

Cam Bosavern, St. Just. 

,, 

3 

N.S. 

90 

Cam Brea. 

?9 

4 

N.S. 

90 

Cara Marth. 

„ ; 

5 

N.S. 

90 

Portreath. 

Slate. 


From the MS. observations of SirH.DE la Beche and Mr. N. Whitley,* 
in the Geological Society of Penzance. 1 

6 

10 W. of N. 


Pedn maen du. 

Granite. ! 

7 

10 


Cam Clog. 

„ 

8 

15 „ 


Cam Creis. 


9 

21 „ 


Mill Bay. 


10 

17 


Carn Barra, 


11 

7 


Cam Mellyn. 


12 

17 „ 


Tol pedn penwith. 

» ! 

13 

7 


Forth Chaple. 

» * 

14 

13 „ 


Pedn maen an mear. 

! 

Mean ...... 

9° 4' W. of N. 
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Other systems of Joint-Planes occur in the granite of Cornwall, 
observed at Gunnis Lake the following joint-planes : — 

21° E. of N. (Mag.) 

16° „ „ „ [19° 40' E. of N. 

22 „ „ „ 

and at Trincomlee Hill, 13° E. of N. 


Mr. Whitley has 


And I observed at Cam Brea well-marked joints, which seem to be conjugate to the 
foregoing, viz. 20° S. of E. 

These joint-planes may possibly indicate the System (A" — C") observed in the co. 
Waterford. 

At Cam Marth 1 found joints bearing 40° W. of N., as in the Mourne Moimtains. 

Hie relation between the directions of the lodes and joints in Cornwall has been long 
known. I was desirous of testing it in the Cam Brea district, and therefore asked per- 
mission of the officers of Cam Brea, Dolcoath, and North Boskear Mines to make use 
of their maps for the purpose ; the permission was readily granted, and I have here 
tabulated the results of my investigation. 


Direction of Main Lodes (Mag.), 1840. 
System A. 


2fo. 

Bearing. 

Name of lode. 

Mine. 

1 

15 N. of E. 

Highbarrow. 

Carn Brea. 

2 

9 » » 

Druids. 


3 

5 » » 

Teague’s. 

>» 

4 

16 „ „ 

Western part. 

Dolcoath. 

5 

5 » >» 

Eastern part. 

>» 

6 

11 „ » 

South lode* 


7 

16 „ „ 

Entral, western. 


8 

I 5 „ „ 

Entral, eastern. 


9 

10 „ „ 

Main lode. 

North Roskear. 

10 

E.W. 

>> » 


11 

5 N.ofE. 



Mean 

8" 45' N. ofE. 




Direction of Cross Courses conjugate to Main Lodes. 
System C. 


No. 

Bearing. 

Nmne of lode. 

1 

°N.S. 

Carn Brea. 

2 

14 W.ofN. 

» ft 

3 

6 „ „ 

Great Cross Course, dividing Dolcoath from Cooks Kitchen. 

Mean 

6^40' W.ofN. 
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Direction of Gaunter Lodes (A" ]). 


No. 

33eariiig. 

Lode. 

Mine. 

1 

S. of E. 

Barncoose. 

Garn Brea. 

2 

22 „ „ 

Vigors’ Gaunter. 


3 

39 „ „ 

Gaunter. 

Dolcoath. 

4 

40 „ „ 

Gaunter. 

1 

N. Roskear. 


Cross Course, conjugate to the Caunters. 

(C") 20° E. of N. in Cam Brea. 

The following Systems may be regarded as fully established in Cornwall: — 

I. Primary System. 

(A) Joints . . 6° 23' N. of E. (Mag.)* =30° 20' N. of E. 
Lodes . . 8° 45' „ „ =34° 45' „ 

II. Conjugate of Primary. 

(C) Joints . . 9° 4' W. of N. (Mag.) =33° 4'W. ofN. 
Cross Courses 6° 40' „ „ =32° 40' „ 

The following System exists also, but is not so prominent. 

III. Secondary System. 

(A") Joints and Cross Courses 20° 0' S. of E. (Mag.) =4° N. of E. 


IV. Conjugate of Secondary. 

(C") Joints . . . 18°0'E. ofN. (Mag.)6°W. ofN. 

Gaunter Lodes 19° 0' „ „ 7° „ 

The angles between the Primary and Secondaiy Systems are as follows : — 
Between Primary and Conjugate of Secondary, 

lA—m .... 26° 23' 

^ ^ • iLodes .... 30° 45' ' 

fc— C'l .... 27° . . 27 23 

(Cross Courses . . 25° 40' , 


♦ I have assumed the variation in Cornwall to be 24P W. in 1860, and to have been 26® W. in the 
year 1840. 
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Past IV.^ON THE JOINT-SYSTEMS OF THE CO. FEEMANAGH. 

I have made the following observations on the Joints of the Carboniferous limestone 
of the CO. Fermanagh. 


System A. 


: No. 

Bearing. 

Dip. 

Locality. 

* 1 

5 N. ofE. 

90 

Belmore Mountain. 

2 

E.W. 

90 


1 3 

15 S. of E. 

90 

Dunbar Quarry. 

i 

8 S. of E. 

90 

” » 1 

jMean 

4° 30' S. of E. 1 

j 

! 


System C. 


1 No. 

Bearing. 

Dip. 

Locality. 

1 

5 E. ofN. 

90 

Dunbar Quarry. 

2 

N.S. 

86 E. 


3 

5 W. ofN. 

SOW. 

„ „ 

4 

7 E. OfN. 

90 

» ff 

1 5 

15 E. ofN. 

90 

)> « 

6 

I low. ofN. ! 

! 90 

Belmore Mountain. 

7 

N.S. 

1 90 


8 

low. ofN. i 

90 

» » 

9 

N.S. 

90 


10 

N.S. 1 

80 E. 

?? V 

Mean 

] 

0 ° 12 E. of N.j 




System A'. 


i No. 1 

Bearing. 

1 

' Locality. 

1 

26 N. of E. 

90 

Carrickreagh Quarry. 

2 


90 


3 

1 27 „ „ 

90 

Belmore Mountain. 


1 30 „ „ 

90 


Mean 

28 ° 0 ' N. of E. 

1 



System C. 


No. 

Bearing. 

Dip. 

iKxaJily. 

1 

2 ^ W.ofN. 

84 E. 

Carrickreagh. 

2 

30 „ „ 

78 W. 

n 

3 

32 „ „ 

80 W. 

n 

Mean 

\z<f 20 ' W. of N. 
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No. 

Bearing. 

Dip. 

Locality. I 

1 

43 N. of E. 

90 

Carrickreagh. ! 

2 

45 

90 

! 

3 

45 

90 

„ i 

4 

! 45 

76 S.E. 

Dunbar. j 

5 

1 I 

90 

Belmore. | 

Mean 

45 ° N. of E. j 



In these observations there is distinct evidence of a Primary and Secondary Conjugate 
System, and of a third series of planes (X), which is well represented in the Mourne 
Mountains. 


I. Primar)^ System . . 

IL Conjugate to Primaiy^ 

III. Secondary’ System 

IV. Conjugate to Secondary 

V. (X) 


4° 30' S. of E. (Mag.) =21" 30' N. of E. 
0" 12' E. of N. „ =25" 48' W. of N. 

28" O'K ofE. „ =54° O'N. ofE. 

29° 20' W. of N. „ =55° 20' W. of N.' 

45°N. ofE. . „ =19° O'E, ofN. 


The angle between the Primary and Secondary Systems is thus found ; 

A— A' . . . 32°30'|_ , , 

C— C . . . 2r ^ ■ 


Part V.— GE5EE.U, CONCLUSIONS FEOJI THE FOEEGOISG OBSEKVATIONS. 

Collecting together into one Table the results of the preceding observations, we find 
the following : — 


Table X.— Primary^ and Secondary Joints (True Bearings). 



Waterford. 

Donegal. | Mourne 

Cornwall. j Fermanagh. 

Primary System (A).. ^ 

Conjugate to Primary (C) ... < 

First Secondary {A') < 

Co^u^ate to First Secondary 

Second Secondary fA''} j 

Conjugate to Second Secondary j 

L 

Fj 

L’ 

n 

i| 

N. of E. 

32° 26' 

W. of N. 
31° 37' 

N. of E. 

58° 11' 

W. of N. 
60° 3' 

S. of E. 

5° 50' 

E. ofN. 

4° 30' 

N. of E. 

26 ° 16' 

W. of N. 
29° 35' 

N. OfE. 

58° 40' 

N. of E. 

40' 

W. of N. 
38° 31' 

N. of E. 

70° 40' 

W. of N. 
70° 40' 

1 W. of N. 

1 7® 35' 

N. of E. ! N. of E. 

32° 34' 21° 30' 

W. of N. 1 W. of N. 
32° 55' ' 25° 48' 

fi N. of E. 

<( ! 54° 0' 

C[and7l°0']; 

; W. of N. 

1 55° 20' 

N. of E. { 

; 4° O' ’ 

i W. ofN. 1 

6° 30' ' 


The only remarkable agreement as to direction of Joints disclosed by the preceding 

3 i2 
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Table, is that between Waterford and Cornwall. If we compare together the primary 
and secondary joints in each locality, we find the following Table: — 


Table XI. — Angle between Primary and Secondary Joints. 



Waterford. 

Donegal. 

Moume. 

Cornwall. 

Fermanagh. 


+ 

-f 

+ 

+ 

+ 

Primary (A, C) and First Secondary (A', C') 1 

27° 5' 

32° 24' 

31° 46' 


31° 1' 

Primary (A, C) and Second Secondarj’ ( A'^ C'') 

37° 11' 


30° 56' 

27° 28' 



This Table discloses a very interesting and unexpected result, viz. that, in Waterford, 
Donegal, Moume, and Fermanagh, the angle between the Primary and First Secondary 
Joint-Systems ranges between the narrow limits of 27° 5' and 32° 24', and that in 
Waterford, Mourne, and Cornwall the angle between the Primary and Second Secondary 
Joint-Systems ranges fi-om 27° 28' to 37° 11'. 

I hope to be able to show that this important result of observation is an easy con- 
sequence of the mechanical theoiy of Joints ; but before doing so, I shall prove by the 
following Table, that the theory of Conjugate Joints used in my paper on the co. 
Waterford applies equally well to the other districts examined by me. 


Table XII. — Angles between Conjugate Joints, measured from East to North. 


Systems. 

W'aterford. 

Donegal. 

Moume. 

Cornwall, 

Fermanagh. 

Primary (A, C) 

Secondary (A', C') 

Secondary (A". C") j 

89° 11' 
91° 52' 
91° 20' j 

93° 19' 

88° 51' 
90° 0' 1 

90° 21' 

92° 30' j 

94° 18' 

! 91° 20' 






The tendency of Conjugate Joints to place themselves at right angles is plainly shown 
by the foregoing Table. 


Piet YI.— MECHAIS^CAL THEORY OF ROCK JOINTS. 

Rock masses are always arranged in sheets, whose dimensions in two rectangular 
directions are much greater than in the third direction at right angles to the first two. 
Hence, when a system of forces acts upon such a mass, its first effect will be to produce 
a system of fissures at right angles to the plane of the resultant force. When other 
forces are subsequently applied to the rock mass, already divided into bands by the 
parallel fissures, their effect upon these rock bands wiU be different according as they 
have a large verticd or large horizontal component. In the fii’st case the bands of rock 
will simply bend and break across along new fissures at right angles to the original 
fissures. This cause produces the phenomena of conjugate joints, which have been 
described and accounted for by several writers, and have been fully discussed by myseK 
in the paper, “ On the Physical Structure of the Old Red Sandstone of Waterford,” so 
often referred to by me. 
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I shall therefore direct my attention at present to the phenomena of Secondary Joints, 
which have been shown to take place along directions inclined at about 30°, on each 
side of the primary direction of the original joints. Let 
xy, x'y' be the directions of two primary parallel joints, 
and let a force P, acting horizontally, tend to produce ^ 
a fracture in some unknown direction, ab, making an 
angle ^ with the directions x'y ’ ; if the band of rock 
were capable of bending, this direction would be at right angles to the direction xy ; 
but if, from the pressure of superincumbent rock masses, or other cause, it be prevented 
from bending, it will fracture along the line db, which is the plane of easiest fracture, 
and whose direction & is thus found. 

Let K denote the coefficient of cohesion of the rock, I the length of ab, and h the 
perpendicular distance between xy and afy'^ and let [x = tan \ denote the coefficient of 
friction of the rock. 

The mechanical condition of equilibrium is evidently as follows : — 

P cos ^=KZ-hjtAP sin 0, 
or 

Pcosfe^j+fiPsin^ ( 1 ) 

Differentiating this equation, regarding P as a minimum and therefore dP=0, we find 

^ . K/iCos3 , T, . 

-P sm 0= ^ 


Fig. 6. 



Equating the values of P deduced from (1) and (2), we find 


from which follows 
or 

and, finally. 


sin C (sin cos ^)=:cos 0 (cos 0—ix sin 0) ; 

cos 20:= (Jb sin 2^ 

cot 2fctanX; 

2^-fX=90° 


( 3 ) 

( 4 ) 


The values of X, determined for various kinds of rock, limestone, sandstone, and slate, 
vary from 30° to 38^ thus giving for 0 corresponding values from 30° to 26°. These 
values agree very well with the angles between the systems of Primary and Secondary 
joints determined by the preceding observations in different localities ; and I believe that 
the mechanical cause I have assigned is the true cause of these joints. 

From this it follows that a single hypothesis as to the direction of a system of forces 
is sufficient to account for the existence of three conjugate systems of joints, involving 
six directions ; and it also explains the rudely hexagonal jointing of many rocks, if the 
coefficient of friction be such as to render the angle 0 nearly 30°. 

Many other consequences flow from the preceding investigations, into which I have 
not time to enter, but which may be readily found and turned to practical use by the 
field geologist who prefers one hypothesis to many. 
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XII. On the Spectra of some of the Fixed Stars. By Willia^i Huggitv^, F.E.A.S., 
and W. A. Millib, M.B.^ LL.I)., Treas. & V.P.B.S., Professor of Chemistry, 
King's College, London. 


Received April 28, — Read May 26, 1864. 

§ I. Introduction. 

1. The recent discovery by Kiechhoff of the connexion between the dark lines of 
the solar spectrum and the bright lines of teiTestrial flames, so remarkable for the wide 
range of its application, has placed in the hands of the experimentalist a method of 
analysis which is not rendered less certain by the distance of the objects the light of 
which is to be subjected to examination. The great success of this method of analysis 
as applied by Kiechhoff to the determination of the nature of some of the constituents 
of the sun, rendered it obvious that it would be an investigation of the highest interest, in 
its relations to our knowledge of the general plan and stmcture of the \isible universe, to 
endeavour to apply this new method of analysis to the light which reaches the earth from 
the fixed stars. Hitherto the knowledge possessed by man of these immensely distant 
bodies has been almost confined to the fact that some of them, which observation shows 
to be united in systems, are composed of matter subjected to the same laws of gravita- 
tion as those which rule the members of the solar system. To this may be added the 
high probability that they must be self-luminous bodies analogous to our sun, and pro- 
bably in some cases even transcending it in brilliancy. Were they not self-luminous, it 
would be impossible for their light to reach us from the enormous distances at which, 
the absence of sensible parallax in the case of most of them shows, they must be placed 
from our system. 

The investigation of the nature of the fixed stars by a prismatic analysis of the light 
which comes to us from them, however, is sun-ounded with no ordinary difl^culties. The 
light of the bright stars, even -when concentrated by an object-glass or speculum, is 
found to become feeble when subjected to the large amount of dispersion which is 
necessary to give certainty and value to the comparison of the dark lines of the stellar 
spectra with the bright lines of terrestrial matter. Another diflBculty, greater because 
it is in its effect upon observ^ation more injurious, and is altogether beyond the control 
of the experimentalist, presents itself in the ever-changing w^nt of homogeneity of the 
earth’s atmosphere, through which the stellar light has to pass. This source of difficulty 
presses very heavily upon observers who have to work in a climate so unfavourable in 
this respect as our own. On any but the finest nights the numerous and closely approxi- 
mated fine lines of the stellar spectra are seen so fitfully that no observations of value 
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can be made. It is from this cause especially that we have found the inquiry, in which 
for more than two years and a quarter we have been engaged, more than usually 
toilsome ; and indeed it has demanded a sacrifice of time very great when compared with 
the amount of information which we have been enabled to obtain. 

2. Previously to January 1862, in which month we commenced these experiments, 
no results of any investigation undertaken with a similar purpose had been published. 
With other objects in \iew, two observers had described the spectra of a few of the 
brighter stars, viz. Fratjnhofee in 1823*, and DojfATi, whose memoir, “Intomo aUe 
strie degli spettri stellari,” was published in the Annali del Museo Fiorentino for 1862. 

Feauxhofee recognized the solar lines D, E, and F in the spectra of the Moon, 
Venus, and Mai's ; he also found the line D in Capella, Betelgeux, Procyon, and Pollux ; 
in the two former he also mentions the presence of h. Castor and Sirius exhibited 
other lines. Doxati’s elaborate paper contains observations upon fifteen stars ; but in 
no case has he given the positions of more than three or four bars, and the positions 
which he ascribes to the lines of the different spectra relatively to the solar spectrum do 
not accord with the results obtained either by Fraunhofer or by ourselves. As might 
have been anticipated from his weli-knora accuracy, we have not found any en*or in 
the positions of the lines indicated by Fraunhofer. 

3. Early in 1862 we had succeeded in arranging a form of apparatus in which a few 
of the stronger lines in some of the brighter stars could be seen. The remeasuring of 
those already described by Fraunhofer and Donati, and even the determining the 
positions of a few similar lines in other stars, however, would have been of little value 
for our special object, which was to ascertain, if possible, the constituent elements of the 
difierent stars. We therefore devoted considerable time and attention to the perfecting 
of an apparatus which should possess sufiicient dispersive and defining power to resolve 
such lines as D and h of the solar spectrum. Such an instrument would bring out the 
finer lines of the spectra of the stars, if in this respect they resembled the sun. It was 
necessary for our purpose that the apparatus should further be adapted to give accurate 
measures of the lines which should be observed, and that it should also be so con- 
structed as to permit the spectra of the chemical elements to be observed in the instru- 
ment simultaneously with the spectra of the stars. In addition to this, it was needful 
that these two spectra should occupy such a position relatively to each other, as to 
enable the observer to determine with certainty the coincidence or non-coincidence of 
the bright lines of the elements with the dark lines in the light from the star. 

Before the end of the year 1862 we had succeeded in constructing an apparatus which 
fulfilled part of these conditions. With this some of the lines of the spectra of Alde- 
baran, a Orionis, and Sirius were measured ; and from these measures diagrams of these 
stars, in greater detail than had then been published, were laid before the Eoyal Society 
in February 1863. After the note was sent to the Society, we became acquainted with 
some similar observations on several other stars by Eutherfurd, in Siluiman’s Journal 
* Gtilbeet’s * Aanalen/ vol, Ixxiv. p. 374, 



THE SPECTEA OF SOME OF THE FIXED STAES. 


415 


for 1863*, About the same time figures of a few stellar spectra were also published by 
SECCHif. In March 1863, the Astronomer Royal presented a diagram to the Royal 
Astronomical Society, in which are shown the positions of a few lines in sbfteen stars J. 

Since the date at which our note was sent to the Royal Society our apparatus has 
been much improved, and in its present form of construction it fulfils satisfactorily 
several of the conditions required. 

§ II. Bescrij^tim of the A]pparatus and Methods of Observation employed. 

4. This specially constructed spectrum apparatus is attached to the eye end of a 
refracting telescope of 8 inches aperture and 10 feet focal length, which is mounted 
equatorially in the observatory of Mr. Huggins at Upper Tulse Hill. The object- 
glass is a very fine one, by Alvan Clark of Cambridge, Massachusetts ; the equatorial 
mounting is by Cooke of York ; and the telescope is carried very smoothly by a clock 
motion. 

As the linear spectrum of the point of light which a star forms at the focus of the 
object-glass is too narrow for the observation of the dark lines, it becomes necessary to 
spread out the image of the star ; and to prevent loss of light, it is of importance that this 
enlargement should be in one direction only ; so that the whole of the light received by 
the object-glass should be concentrated into a fine line of light as narrow as possible, 
and having a length not greater than will correspond to the breadth of the spectrum 
(when viewed in the apparatus) just sufficient to .enable the eye to distinguish with ease 
the dark lines by which it may be crossed. No arrangement tried by us has been found 
more suitable to effect this enlargement in one direction than a cylindrical lens, which 
was first employed for this purpose by Fraunhofer. In the apparatus by which the 
spectra described in our “ Note ” of February 1863 were observed, the cylindrical lens 
employed was plano-convex, of 0*5 inch focal length. This was placed within the focus 
of the object-glass and immediately in front of the slit of the collimator. 

The present form of the apparatus is represented in Plate X. figs. 1 & 2, where the 
cylindrical lens is marked a. This is plano-convex, an inch square, and of about 14 
inch^ focal length. The lens is mounted in an inner tube, sliding within the tube c, 
by which the apparatus is adapted to the eye end of the telescope. The axial direction 
of the cylindrical surface is placed at right angles to the slit dy and the distance of the 
lens from the slit within the converging pencils from the object-glass is such as to give 
exactly the necessary breadth to the spectrum. 

In consequence of the object-glass being over-corrected, the red and, especially, the 
violet pencils are less spread out than the pencils of intermediate refrangibility ; so that 
the spectrum, instead of having a uniform breadth, becomes slightly narrower at the red 
end, and tepers off in a greater degree towards the more refrangible extremity 

• Vol. XXXV. p. 71. t Astronomische Nadmchten, No. 1405, Maxell 3, 1863, 

t Montiily Notices, Boy. Astroa. Soc. vol. xxiii. p, 190. 

§ The expeiinieiit was made of so placing the cylindrical that the direction of its convex cylin- 
MHCCCLXIY. 3 K 
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In front of the slit and over one half of it, is placed a right-angled prism e, for the 
purpose of reflecting the light which it receives from the mirror f through the sht. In 
the brass tube c are two holes : by one of these the light is allowed to pass from the 
mirror to the reflecting-prism e ; and by means of the other, access to the milled head 
for r^ulating the nidth of the slit is permitted. Behind the slit, and at a distance 
equal to its focal length, is placed an achromatic collimating lens made by T. Ross ; 
this has a diameter of 0*6 inch and a focal length of inches. These proportions are 
such that the lens receives the whole of the light which diverges from the linear image 
of the stai’ when this is brought exactly mthin the jaws of the slit. 

The dispersing portion of the apparatus consists of two prisms, each having a 
refracting angle of about 60° ; they were made by T. Ross, and are of very dense and 
homogeneous flint glass. The prisms are supported upon a suitable mounting, which 
permits them to be duly levelled and adjusted. Since the feebleness of the light from 
the stars limits the observations for the most part to the central and more luminous 
portions of the spectrum, the prisms have been adjusted to the angle of minimum devia- 
tion for the ray D. A cover of brass, encloses this part of the apparatus ; and by this 
means the prisms are protected from accidental displacement, and from dust. 

The spectrum is viewed through a small achromatic telescope /, furnished with an 
object-glass of 0*8 inch diameter and 6*75 inches focal length. This telescope has an 
adjustment for level at m. The axis of the telescope can be lowered and raised, and the 
tube can be also rotated around the vertical axis of support at n. At the focus of the 
object-glass are fixed two wires, crossing at an angle of 90°. These are viewed, together 
with the spectrum, by a positive eyepiece j>, giving a magnifying power of 5*7 diameters. 
As the eyes of the two observers do not possess the same focal distance, a spectacle-lens, 
corresponding to the focal difference between the two, was fitted into a brass tube, which 
slipped easily over the eyepiece of the telescope, and was used or withdrawn as was 
necessarj^ 

This telescope, when properly adjusted and clamped, is carried by a micrometer-screw 
g, which was constructed and fitted to the instrument by Cooke and Sons. The centre 
of motion about which it is carried is placed approximatively at the point of intersec- 
tion of the red and the violet pencils from the last prism ; consequently it falls within 


drical snrface should he parallel with the direction of the slit. The line of light is in this case formed by tibe 
lens ; and the length of this line, corresponding to the visible breadth of the spectrum, is equal to the diameter 
of the cone of rays from the object-glass where they fall upon the slit. With this arrangement, the spectrum 
appears to be spread out, in place of being contracted at the two extremitieB. Owing to the large amount of 
disperaion to which the light is subjected, it was judged unadvisahle to we^en stiU further the aii’eady feeble 
illumination of the extremities of the spectrum ; and in the examination of the stellar spectra the pc^tion of 
the eylindric^ lens with its axis at right angles to the slit, as mentioned in the text, was therefore adopted. 

A plano-conmve cylindrical lens of about 14 inches negative focal length was also tried. The slight advan- 
tage which this possesses over the convex form is more than balanced by the inconvenience d the inereMed 
length given to ihe whole apparatus. 
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the last face of the prism nearest the small telescope. All the pencils therefore which 
emerge from the prism are, by the motion of the telescope, caused to fall nearly centri- 
cally upon its object-glass. The micrometer screw has 60 threads to m inch; and 
each revolution is read to the hundredth part, by the divisions engraved upon the head. 
This gives a scale of about 1800 parts to the interval between the lines A and H of the 
solar spectrum. During the whole of the observations the same part of the screw has 
been used ; and the measures being relative, the inequalities, if any, in the thread of this 
part of the screw do not affect the accuracy of the results. The eye lens for reading the 
divisions of the micrometer-screw is shown at s. 

The mirror /receives the light to be compared with that of the star-spectrum, and 
reflects it upon the prism e, in front of the slit d. This light w^as usually obtained from 
the induction spark taken betw^een electrodes of different metals, fragments or wires of 
which were held by a pair of small forceps attached to the insulating ebonite clamp 
r. Upon a moveable stand in the observ'atory was placed the induction coil, already 
described by one of us*, in the secondary circuit of which was inserted a Leyden jar, 
haring 140 square inches of tinfoil upon each of its surfaces. The exciting battery, 
which, for the convenience of being always available, consisted of four cells of Smee’s 
construction, with plates 6 inches by 3. was placed without the observatory. Wires, in 
connexion with this and the coil, were so arranged that the obseiwer could make and 
break contact at pleasure without removing his eye from the small telescope. This was 
the more important since, by tilting the mirror/, it is possible, within narrow limits, 
to alter the position of the spectrum of the metal relatively to that of the star. An 
arrangement is thus obtained which enables the observer to be assured of the perfect 
correspondence in relative position in the instrument of the stellar spectrum and the 
spectrum to be compared with it. 

5. The satisfactory performance of this apparatus is proved by the very considerable 
dispersion and admirably sharp definition of the known lines in the spectra of the sun 
and metallic vapours. When it is directed to the sun, the line D is sufficiently divided 
to permit the line withia it, marked in Kirchhopp’s map as coincident with nickel, to 
be seen. The close groups of the metallic spectra are also well resolved. 

When this improved apparatus was directed to the stars, a large number of fine lines 
was observed, in addition to those that had been previously seen. In the spectra of all 
the brighter stars which we have examined, the dark lines appear to be as fine and as 
numerous as they are in the solar spectrum. The great breadth of the lines in the 
green and more refimgible parts of Sirius and some other stars, as seen in the less per- 
fect form of apparatus which was first employed, and which band-like appearance was 
so marked as specially to distinguish them, has, to a very great extent, disappeared ; 
and though these lines are still strong, they now appear, as compared vrith the strongest 
of the solar lines, by no means so abnormally broad as to require these stars to be placed 
in a class apart. No stars sufficiently bright to give a spectrum have been obsened to 
* Philosophical Transactions, 1864, p. 141. 

3k2 
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be without lines. The stars admit of no such broad distinctions of clarification. Star 
differs from star alone in the grouping and arrangement of the numerous fine lines by 
which their spectra are crossed. 

6. For the convenience of reference and comparison, a few of the more characteristic 
lines of twenty-nine of the elements were measured with the instrument. These were 
laid down to scale, in order to serve as a chart, for the purpose of suggesting, by a com- 
parison with the lines measured in the star, those elements the coincidence of the Mnes 
of which with stellar lines was probable. 

For the purpose of ensuring perfect accuracy in relative position in the instrument 
between the star-spectrum and the spectrum to be observed simultaneously with it, the 
following general method of observing was adopted: — The flame of a small lamp of 
alcohol, saturated with chloride of sodium, was placed centrally before the object-glass 
of the telescope, so as to furnish a sodium-spectrum. The sodium-spectmm was then 
obtained by the induction spark, and the mirror/ was so adjusted that the components 
of the double line D, which is well divided in the instrument, should be severally coin- 
cident in the two spectra. The lamp was then removed, and the telescope directed to 
the sun, when Fkaunhofee’s line D was satisfactorily observed to coincide perfectly with 
that of sodium in the induction-spark. Haring thus ascertained that the sodium lines 
coincided in the instrument with the solar lines H, it was of importance to have assurance 
from experiment that the other parts of the solar spectrum would also accurately agree 
in position with those corresponding to them in the spectrum of comparison. When 
electrodes of magnesium were employed, the components of the triple group character- 
istic of this metal severally coincided with the corresponding lines of the group h. 
C and F also agreed exactly in position with the lines of hydrogen ; the coincidence of 
several of the principal lines of iron was also observed. The stronger of the Fbauithofee 
lines were measured in the spectra of the moon and of Venus, and these measures were 
found to be accordant with those of the same lines taken in the solar spectrum. 

Before commencing the examination of the spectrum of a star, the alcohol-lamp was 
again placed before the object-glass of the telescope, and the correct adjustment of the 
apparatus obtained with certainty. The first observation was whether the star contained 
a double line coincident with the sodium line D. When the presence of such a line 
had been satisfactorily determined, we considered it sufficient in subsequent observations 
of the same star to commence by ascertaining the exact agreement in position of this 
known stellar line with the sodium line D. 

Since from flexure of the parts of the spectrum apparatus the absolute reading of the 
micrometer might vary when the telescope was directed to stars differing greatly in alti- 
tude, the measure of the line in the star which was known to be coincident with that of 
sodium was always taken at the commencement and at the end of each set of measures. 
The distances of the other lines from this line, and not the readings of the micrometer, 
were then finally registered as the measures of their position ; and these form the numbers 
given in the Tables, from which the diagrams of the star-spectra have been laid down. 
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The very close approximation*, not unfrequently the identity, of the measures 
obtained for the same line on different occasions, as well as the very exact agreement of 
the lines laid down from these measures with the stellar lines subsequently determined 
by a direct comparison with metallic lines the positions of which were known, have 
given the authors great confidence in the minute accuracy of the numbers and drawings 
which they have now the honour of laying before the Society. 

§ III. Ohservatiom on the Mom and Planets, 

7. It is well known that in the solar spectrum many additional remarkable lines 
make their appearance when light from the sun seen near the horizon reaches the 
observer, after having traversed a much greater length of our atmosphere than when the 
sun is viewed at greater altitudes. This circumstance suggested to us the importance 
of a careful examination of the solar light after reflexion from the moon and planets, in 
reference to the extent and analogous constitution of atmospheres possibly surrounding 
these bodies. As far as practicable, the spectra of the moon, Venus, Mars, Jupiter, 
and Saturn have been observed on several occasions with this special object in view. 

8. The Mom . — All the astronomical phenomena in which we should expect to dis- 

cover indications of an atmosphere about the moon, if such exist, agree in proving the 
non-existence of a lunar atmosphere of sensible amount. From the absence of appre- 
ciable refraction at the moon’s limb, and from the sudden extinction during a total 
lunar eclipse of stars of even the tenth and eleventh magnitude at the limb of the moon, 
“ we are,” writes Sii* John Heeschel, “ entitled to conclude that no amount of appre- 
ciable vapour is suspended near the surface of the moon, and the non-existence of 

an atmosphere at the moon’s edge having the 1980th part of the density of the earth’s 
atmosphere ”f. 

As by direct observation we know that the solar light is reflected from the surface of 
the moon, the light which reaches the earth after having undergone this reflexion must 
have passed through a length of lunar atmosphere, if such exist, at least equal to double 
the height of such atmosphere above that surface of the moon which is visible to us. 
From some parts of the moon, when the whole or a large part of its illuminated surface 
is turned towards the earth, the length of the column of lunar atmosphere which the 
solar light would have to traverse would be considerably greater. 

The examination of lunar light by the spectroscope, and the comparison of the light 
reflected from different portions of the moon’s illuminated surface with each other by 
this method, would take place under conditions favourable to the detection of an atmo- 
sphere of considerable extent, if such exist. 

The moon was examined by us on April 12 and November 26, 1862, March 31 and 

• Th^ measures, on repeated observation, seldom varied more tban a single division of the scale, or 
of the distancse between A and H. 

t Outliiftes of Astrmiomy, 7th edition, par. 431, p. 284. See also a paper by Professor CniiLis in the 
M(mthly Eotices of the Eoy. Astron. Soc., vol. yifiii. p. 254, June 1863. 
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December 31, 1863, March 16 and 19, and April 12, 1864. The solar lines were per- 
fectly well seen, appearing exceedingly sharp and fine. The line D was well divided, 
and its components were observed to coincide with those of sodium. Coincidence of 
the magnesium group with the three lines forming b was also observed. The lunar 
spectrum is indeed full of fine lines, and they were well seen from B to about halfway 
between G and H, On all these occasions no other strong lines were observed than 
those which are visible in the solar spectrum when the sun has a considerable altitude. 

Previously to the observations of March 15 and 19 and April 12, 1864, the appa- 
ratus was directed to the sun when near the horizon, and the relative positions and 
characteristic appearances of the atmospheric lines in the orange and red were carefully 
observed. These portions of the spectrum were closely scrutinized when the moon’s 
light was afterwards examined ; but no indication of similar lines could be detected. On 
each of the three evenings just mentioned successive portions of the moon’s illuminated 
surface from the centre to the circumference were brought before the slit of the spec- 
trum apparatus. The quantity of light from different parts was observed to be ver\' 
different, but not the smallest change in the lines of the spectrum could be perceived, 
either in respect of relative intensity or the addition or disappearance of any lines*. 

The result of this spectrum analysis of the light reflected by the moon is wholly 
negative as to the existence of any considerable lunar atmospheref . 

9. The Planets Venus^ Mars^ Jupiter, and Saturn . — ^The very sensible and rapidly 
changing appearances of the disk of Jupiter, other than those due to the rotation of the 
planet, present very strong evidence of the existence of a very considerable atmosphere 
about Jupiter. The same, though in a much less marked degree, is probably true of 
Saturn and Mars. In addition, the diminished brightness of the disk of Jupiter near 
the periphery supports the inference that an atmosphere exists about that planet. 

The planet Jupiter was observed on April 12, 1862, and April 14 and May 1, 1863. 

* [With the spectruin apparatus described at page 421, the spectra of particular and very limited regions of 
the moon’s surface can be examined. The opening of the slit of the apparatus corresponding to a spectrum that 
can be separately observed is about inch x inch. The image of the moon formed by the object-glass 
of the telescope has a diameter of 1-04 inch. Practically it is found that the light reflected from an area upon 
the surface of the moon of about one-third that of Tycho can be analyzed in the instrument. 

The particular spot of the moon’s surface under observation can be ascertained by means of the finder attached 
to the telescope. For this purpose, however, a special set of wires, accurately adjusted, and an eyepiece of 
considerable power are necessary. When the part of the moon’s surface under observation presents marked 
inequalities of illumination, the spectra of these differently illuminated portions can be easily recognized by the 
differences in their comparative brightness. In these observations the cylindrical lens may be removed. — 
August 31, 1864.] 

f [A remarkably favourable opportunity of observing the effect upon the solar spectrum of transmission 
through a very large extent of the earth’s atmosphere presents itseE on the occasion of an eclipse of the moon. 
We had made preparations to observe the copper-coloured light reflected from the moon during the eclipse of 
June 1, 1863. The small altitude of the moon on this occasion rendered the observation imp^ible, from the 
circumstance that the eye end of the telescope, increased in length by the spectrum apparatus, cmje too near 
the wall of the observatoiy. — ^August 31, 1864.] 
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The solar lines B, C, D, E, F, and G were seen, with numerous fine intermediate lines, 
and D, E, and F were measured ; but no marked lines other than those usually pre- 
sent in the solar spectrum were detected. ^ 

[Since these observations were made, we have had a spectrum apparatus constructed 
by Mr. Beowxixg, optician, of the Minories, which is similar in general arrangement to 
that already described, but possesses much less dispersive power. In this apparatus the 
cylindrical lens, the collimating lens, and the object-glass of the small telescope corre- 
spond exactly in diameter and in focal length with those of which a description has 
been given ; but the eyepiece of the telescope is of less power, and has a magnifying 
power of about three diameters. A second eyepiece was occasionally used, magnifying 
nine diameters. Two prisms are employed ; one has a refracting angle of 35°, the other 
a refracting angle of 45° 

With this apparatus, in the spectrum of Jupiter a strong line in the red is seen 
which is scarcely distinguishable with the more powerful instrument, and was from this 
cause overlooked in our earlier observations. The remarkable increase of visibility of 
this line is due to the much greater brilliancy of the spectrum in this apparatus ; and 
this is much more than inversely proportional to the diminution of the dispersion, since, 
on account of the gi*eatly reduced obliquity of incidence, the loss of light at the surfaces 
of the prisms by reflexion is much less. This saving of light in the spectrum apparatus 
is of very great importance in observations of the planetary spectra. The image of a 
planet in the telescope is not a point, but forms a disk of considerable magnitude rela- 
tively to the image of a star. Of this image, enlarged in one direction by the cylindrical 
lens, a very narrow section only, corresponding to the breadth of the slit, passes on 
through the collimating lens to the prisms ; and this portion only of the total light 
collected by the object-glass becomes available to form the spectrum. On this account 
we have found the observations of the planets much more difficult than would be obser- 
vations of stars possessing an equal apparent brilliancy. 

This band of which we are now speaking in the spectrum of Jupiter occurs in a rather 
obscure part of the spectrum ; moreover, by the instrument of greater dispersive power, 
it appears to be resolved into two or more lines, which are severally very faint, and are 
less visible than a single stronger line. The altitude of Jupiter being small (about 22° 
above the horizon) at the time of observation, it was of great importance to have satis- 
factory evidence that this band was not due to absorption by our atmosphere. 

On June 16, 1864, the moon and Jupiter being near each other in the sky, the oppor- 
tunity was seized to compare directly the moon’s light with that of Jupiter under precisely 
similar conditions of atmosphere. The observations of this evening were decisive in 
showing that this band in the spectrum of Jupiter was due to a modification suffered by 
the solar light before reaching our atmosphere, and therefore due probably to absorp- 
tion by the atmosphere of Jupiter. 

On June 20, and on July 12 and 14, an observation still more crucial was obtained. 
The length of the opening of the slit is much greater than the diameter of the tele- 
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scopic image of Jupiter, even after elongation by the cylindrical lens. If, therefore, at 
the time of observation the light from the sky is sufficiently intense to form a visible 
spectrum, the spectrum of the sky is seen in the instrument together with the spectrum 
of Jupiter, and much exceeding it in breadth. When the period is so chosen that the 
degree of illumination of the sky is suitable in proportion to the intensity of the Hght 
of Jupiter, the solar lines and those due to our atmosphere are well seen in close con- 
tiguity with the Lines in the spectrum of Jupiter, and occupying exactly similar relative 
positions. The sky-spectrum is seen under precisely similar conditions of altitude and 
of state of atmosphere. To the light of Jupiter under these circumstances of observa- 
tion is added the light reflected from the small area of sky immediately between the 
observer and the planet. This light is, however, too faint in proportion to that of 
Jupiter to become a source of error. In the diagram, fig. 3, Plate X., the position 
of this band is shown relatively to the spectrum of the sky. The band at 914 of the 
scale appears to be coincident with, but much stronger than, a faint band in the sky- 
spectrum. This increase in the strength of the band is probably due to an absorptive 
action exerted by the atmosphere of the planet. 

The bands at 882 and 1033 of the scale are less intense in the spectrum of Jupiter 
than in the spectrum of the light of the sky. This variation of intensity is probably 
due to the circumstance that the light from the southern sky, before it is reflected to the 
observer, on account of the position of the sun, which is then near the horizon, has had 
to traverse a very much larger amount, and a more dense portion, of our atmosphere 
than that traversed by the light received from Jupiter. It is in accordance with this 
explanation that these bands are also less intense in the spectrum of the moon when 
similarly compared with those of the sky. 

Other lines less refrangible were perceived in the spectrum of Jupiter, but were not 
sufficiently distinct to be measured. The bands in the orange and the red to which we 
have referred, when examined in the spectrum apparatus of greater dispersive power, 
and with a much stronger illumination by directing the apparatus to the sun when near 
the horizon, are resolved into groups of lines. The stronger of these lines are repre- 
sented in the upper spectrum of the diagram. The relative position of the band in the 
red due to lines of oxygen and nitrogen when the induction spark is taken in air, is 
shown below the spectrum of Jupiter. This band is in a small degree more refrangible 
than the strong band due to Jupiter. 

If this band, at 914 of the scale, in Jupiter’s spectrum consists of lines severally coin- 
cident with the lines composing the faint atmospheric band with which it appears to 
correspond in position, it would seem entitled to be regarded as an evidence of the 
similarity of Jupiter’s atmosphere with our own, with respect at least to one of its con- 
stituents, or to one of the vapours diflused through it. The smaller intensity of the 
bands 882 and 1033 would appear to oppose the supposition that Jupiter’s atmosphere 
is identical with our own. This negative evidence, however, cannot be regarded as of 
much weight, since telescopic observations show that the light which we receive from 
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Jupiter is for the most part reflected from clouds floating in its atmosphere at an eleva- 
tion above the planetary surface. The solar light, therefore, would not traverse the lower 
and denser portions of Jupiter’s atmosphere, corresponding to those of our own atmo- 
sphere in which the vapours, which probably produce these lines, appear to be chiefly 
present. The band about C, and that a little more refrangible at 838 of the scale, 
appear quite as strong in Jupiter as in the light from the sky. It may therefore be 
supposed that these bands are in part due to absorption at Jupiter, since the light from 
Jupiter suffers less absorption from our atmosphere than does the solar light reflected 
from the sky imder the circumstances in which the observations were made. 

With the exception of these bands in the orange and the red, the spectrum of 
Jupiter appeared to correspond exactly with that of the sky. — August 31, 1864.] 

Saturn was observed on April 12, 1862, April 14, 1863, and April 12, 1864. Several 
solar Hues were seen, but the spectrum was too faint to permit of any satisfactory deter- 
mination as to the presence or absence of atmospheric lines. 

[The spectrum of Saturn w^as observed with the apparatus and in the manner described 
when speaking of Jupiter, on June 13, 16, and 20. The spectrum was more difficult of 
observation, on account of the feebler brilliancy of Saturn, and its less favourable posi- 
tion. Bands in the red and orange were seen similar to those in the spectrum of Jupi- 
ter, and by measurement these bands were found to occupy positions in the spectrum 
corresponding to those of the bands of Jupiter. — August 31, 1864.] 

The spectrum of Mars was observed on November 6, 1862, and April 17, 1863. The 
principal solai* lines wwe seen, and no other strong lines were noticed. 

[On August 10 and 29, 1864, we re-examined Mars, using the new spectrum apparatus. 
No lines in the red, similar to those of Jupiter and Saturn, were observed ; but in the 
extreme red, probably about B and two or three strong lines were seen. With the 
exception of these, no lines were detected in the red, orange, yellow, and green portions 
of the spectrum, other than those of the solar spectrum. At about F the brilliancy of 
the spectrum diminishes in a remarkable manner, in consequence of a series of strong 
and nearly equidistant bands, which commences at F and continues towards the more 
refrangible end as far as the spectrum can be traced. The absorption of these bands is 
evidently the cause of the predominance of the red rays in the light of this planet. 

The spectrum apparatus of greater power resolves these bands in the blue into groups 
of lines. — August 31, 1864.] 

The light of Venus gives a spectrum of great beauty. The observations were chiefly 
made on April 17, 22, and 26, 1863. The line D was seen double. B, C, and nume- 
rous solar lines to a little distance beyond G, were distinctly visible ; and the principal of 
these were measured and found to agree with corresponding lines in the solar spectrum, 
lines other than these, and in the position in which the stronger atmospheric lines pre- 
sent themselves, were carefully looked for, but no satisfactory evidence of any such lines 
has b^n obtained. Venus was observed as early in the evening as possible, and while 
a considerable amount of daylight still remained. 

MDCCCLXIV. 3 L 
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The imperfect evidence which analysis by the prism affords of the existence of atmo- 
spheres around these planets, notwithstanding the high probability, amounting almost 
to certainty in the case of Jupiter, that such atmospheres do exist, may receive an ex- 
planation in the supposition that the light is chiefly reflected, not from the planetary 
surfaces, but from masses of cloud in the upper strata of their atmospheres. In this 
case the length of atmosphere which the light would have to traverse would be con- 
siderably lessened. With perhaps the exception of Mars, telescopic observations are in 
favour of such a supposition. 

§ IV. Observatimis on tlie Fixed Stars. 

10. The number of fixed stars which we have, to a greater or less extent, examined 
amounts to nearly 50, We have, however, concentrated our efforts upon three or four 
of the brighter stars, and two only of these have been mapped with any degree of com- 
pleteness. These spectra are, indeed, as rich in lines as that of the sun, and even uith 
these it may be advantageous to compare the spectra of additional metals when the season 
is again favourable. The few really fine nights that are available whilst the star is w^ell 
situated for such observations, in respect of altitude and the time of sun-setting, neces- 
sarily make the complete investigation even of a single star the work of some years. 

11. Aldebaeak (a Tauri) (Plate XI.). — ^The light of this star is of a pale red. When 
-viewed in the spectroscope, numerous strong Hnes are at once evident, particularly in 
the orange, the green, and the blue portions. The positions of about seventy of these 
lines have been measured, and their places have been given in the Table. Besides these, 
numerous other strong lines are visible, particularly in the blue, but they have not been 
measured, owing to the feebleness of the Hght ; we have therefore not inserted them in 
the Table or in the diagi*am. A similar remark is applicable also to the results of our 
examination of a Orionis and ^ Pegasi. 

We have compared the spectra of sixteen of the terrestrial elements by simultaneous 
observation with the spectrum of Aldebaran, of course selecting those in which we had 
reason, from the observations, to believe coincidence was most likely to occur. Nine of 
these spectra exhibited lines coincident with certain lines in the spectrum of the star. 
They are as follows : — sodium, magnesium, hydrogen, calcium, iron, bismuth, tellurium, 
antimony, and mercury. 

(1 ) Sodium. — The double line at D was coincident with a double line in the stellar 
spectrum. 

(2) Magnedum. — The three components of the group at b, from electrodes of the 
metal, were coincident with three lines in the star-spectrum. 

(3) Hydrogen. — ^The line in the red corresponding to C, and the line in the green cor- 
responding to F in the solar spectrum, were coinddent with strong lines in the spectrum 
of Aldebaran. 

(4) Calcium. — Electrodes of the metal were used ; four lines in its spectaum were 
observed to coincide with four of the stellar lines. 
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(5) Irm , — ^The lines in the spectrum of this metal are very numerous, but not remark- 
able for intensity. There was a double line corresponding to E in the solar spectrum, 
and three other more refrangible well-marked lines coincident with lines in the star. 

(6) Bismuth. — Four strong lines in the spectrum of this metal coincided with four in 
the star-spectrum. 

(7) Tellurium. — In the spectrum of this metal also four of the strongest lines coin- 
cided with four in the spectrum of the star. 

(8) Antimony. — ^Three of the lines in the spectrum of antimony were observed to coin- 
cide with stellar lines. 

(9) Mercury. — Four of the brightest lines in the mercury-spectrum correspond in 
position with four lines of the star. 

It must not be supposed that other lines in all the spectra of the elements above 
enumerated do not possess corresponding lines in the star-spectrum. Comparisons of 
this kind are extremely fatiguing to the eye, and are necessarily limited to the stronger 
lines of each spectrum. In no case, in the instances above enumerated, did we find any 
strong line in the metallic spectrum wanting in the star-spectrum, in those parts where 
the comparison could be satisfactorily instituted. 

Seven other elements were compared with this star, \iz. nitrogen, cobalt, tin, lead, cad- 
mium, lithium, and barium. No coincidence was observed. With nitrogen three strong 
double lines were compared, with cohalt one strong single line and a double line, with 
tin five lines, with lead two strong lines, with cadmium three lines, with barium two of 
the strongest in the green, and with lithium the line in the orange, but were found to 
be without any strong lines in the star-spectrum corresponding ^vith them. The positions 
of these several lines relatively to the star-spectrum are given in the diagram. 

12. « Orionis (Betelgeux) (Plate XI.). — The light of this star has a decided orange 
tinge. None of the stars which we have examined exhibits a more complex or remark- 
able spectrum than this. Strong groups of lines are visible, especially in the red, the 
green, and the blue portions. In the blue comparatively few of these lines have been 
measured with accuracy ; we have therefore not inserted them in the Table or the dia- 
gram. We have measured the position of about eighty lines in the brighter portions of 
this spectrum. 

In the interval between the divisions 890 and 920 of the scale adopted in the diagram, 
is a shading as of fine lines. A fainter shading of the same character is observed between 
990 and 1010, also from 1050 to 1069. A stronger similar shading occurs from 1145 
to 1170, and from 1280 to 1300, A similar shaded band commences at 1420, and 
another at 1557. 

The spectra obtained from sixteen elementary bodies were observed simultaneously 
with the spectrum of a Orionis. In five of these, viz. sodium, magnesium, calcium, iron, 
and bismuth, lines corresponding with certain stellar lines were found to exist. 

(1) Sodium. — The lines coincident with D are fainter in this star than in Aldebaran. 

(2) Magnesium. — Decided group of three stellar lines coincident with the group at b. 

3l2 
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(3) Calcium . — Four lines of this metal were on two different occasions seen to be 
coincident with foiir lines in the spectrum of the star. 

(4) Iron . — The double line of this metal at E, and three other more refrangible bright 
lines, coincide with lines in the star-spectrum. 

(5) Bismuth . — In the spectrum of this metal also four lines were found to coincide 
with four in the stellar spectrum. 

Thallium . — The bright green line so characteristic of this metal appears to coincide 
with one of the lines seen in the star-spectrum ; but this line may be due to calcium, 
since the small difference between the position of the thallium line and that of one of 
the calcium lines very close to it would not be distinguishable with the dispersive power 
of the apparatus employed. 

In the spectra of the other elements which we compared with that of the star, no 
coincidences occur. 

Hydrogen . — There is no line coincident with the red line C of hydrogen ; but in the 
star are two strong Lines, one on either side of the position of C : there is also no line 
coincident with F. It is strikingly confirmatory of this method of analysis, that in all 
the stars hitherto examined by us in which a line corresponding to C exists, that corre- 
sponding to F is also found. When F is absent, C is also wanting. 

In nitrogen three strong double lines were compared. In tin five lines, and in lead 
two bright lines were compai-ed, but no coincidence was found. 

Gold . — The strongest of the gold lines approximates closely in position to one in the 
spectrum of the star, but it is probably not coincident. 

Three of the strong lines of cadmium., two of silver., four of mercury^ tAvo of barium^ 
and one (the orange line) of lithium were observed to be not coincident with any of the 
lines visible in the star. In these comparisons, when barium was used, it was employed 
in the form of a nearly solid amalgam. 

The opening of the slit was maintained at the same width (not more than the j^th 
of an inch) for all the observations, both with xAldebaran and a Orionis. In the case of 
the fainter star which follows, it was very slightly widened. 

13. /3 Pegasi. — The colour of this star is a fine yellow. In the general arrangement 
of the groups, in the gradation of the strength of the lines composing the groups, and 
in the absence of the hydrogen lines, this spectrum, though much fainter, is closely 
analogous with the spectrum of a Orionis, as loured in the Plate. 

This star was carefully observed on many different occasions ; but the faintness of the 
star, and the unfavourable state of the atmosphere on many of the nights of observa- 
tion, did not permit the same number of lines to be measured, nor allow a comparison 
with an equal number of terrestrial elements. From November 10, 1862, when twelve 
lines were observed, to the present year, we have scrutinized the star carefully. 

Nine of the elements were compared with the spectrum of |3 Pegasi. Two of these, 
viz. sodium and magnesium., and perhaps a third, viz. barium., furnish spectra in which 
there are lines which coincide with lines in the spectrum of the star. 
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, The spectra of iron and manganese were also compared with that of the star, but the 
state of the atmosphere prevented any certain conclusion. 

The lines in the spectra of nitrogen^ tin, and mercury were not coincident with any 
definite lines in the star-spectrum. Neither of the hydrogen lines corres^jonding to C 
and F was present. 

At the end of the paper we have given a Table of such measures of the lines in the 
spectrum of this star as we can depend upon. Although it appears to be as full of lines 
as either of the preceding stars, the observations are attended with great difficulty, 
owing to the insufficient amount of light. 

The absence in the spectrum of a Orionis, and also in the spectrum of /3 Pegasi, which 
so closely resembles it in character, of lines corresponding to those of hydrogen, is an 
observation of considerable interest. It is of the more importance since the lines C and 
F are highly characteristic of the solar spectrum and of the spectra of by far the larger 
number of the fixed stars to which our observations have been extended. 

These exceptions are further interesting as they seem to prove that the lines C and F 
are due to the luminous bodies themselves. Of this some doubt might be entertained, 
and it might be suspected that they are in some way due to our own atmosphere, if 
these lines were present in the spectra of all the stars without exception. 

This absence of the lines corresponding to hydrogen is also the more entitled to con- 
sideration since it is so rare to find them wanting, amongst the considerable number of 
stellar spectra wffiich we have observed. 

14. Sirius. — The spectrum of this brilliant white star is very intense ; but owing to 
its low altitude, even when most favourably situated, the obsen ation of the finer lines is 
rendered very difficult by the motions of the earth’s atmosphere. For the present we 
do not give any details of our measures. The lines in the green and blue appeared, in 
the less perfect form of spectroscope which we employed in the early part of 1863, of 
very great breadth, and were so figured in the diagram of the spectrum of this star given 
in our “Note” of February 1863. With our present instrument, possessing much 
greater dispersive power and a very narrow slit, these bands appear but little broader 
than F and G are at times seen in the solar spectrum. In February 1863, the breadth 
of the band corresponding to F measured 1 J unit of the scale we then adopted ; each 
unit corresponded to 15 ’5 units of our present scale. The micrometric measurement of 
this line in Sirius, in terms of our present scale, is only 3*7 — that is, only about one- 
seventh of the breadth as seen with the wider slit and a dispersing arrangement having 
little more than one-third of the power of the present apparatus. 

Three if not four elementary bodies have been found to furnish spectra in which lines 
coincide with those of Sirius, viz. sodium, magnesium, hydrogen, and probably iron. 

(1) Sodium . — A double line in the star, though faint, coincides in position with the 
line of this metal. 

(2) Magnesium . — ^Three lines in the star-spectrum coincide with the triple group of 
magnesium. 
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(3) Hydrogen, — Both the lines corresponding to F and C have intensely strong lines 
in the star-spectrum. 

(4) Iron, — No direct comparison with this metal was made ; but the cross wires having 
been set to a position corresponding with E of the solar spectrum, a faint line in the 
star was seen exactly to bisect the wires when the telescope was turned upon Sirius. 

The whole spectrum of Sirius is crossed by a very large number of faint and fine 
lines. 

It is worthy of notice that in the case of Sirius, and a large number of the white stars, 
at the same time that the hydrogen lines are abnormally strong as compared with the 
solar spectrum, all the metallic lines are remarkably faint. 

On the 27th February, 1863, and on the 3rd of March of the same year, when the 
spectrum of this star was caused to fail upon a sensitive collodion surface, an intense 
spectrum of the more refrangible part was obtained. From want of accurate adjust- 
ment of the focus, or from the motion of the star not being exactly compensated by the 
clock movement, or from atmospheric tremors, the spectrum, though tolerably defined 
at the edges, presented no indications of lines. Our other investigations have hitherto 
prevented us fi-om continuing these experiments further ; but we have not abandoned 
our intention of pursuing them. 

15. a Lym (Vega). — This is a white star having a spectrum of the same class as 
Sirius, and as full of fine lines as the solar spectrum. Many of these we have measured, 
but our investigation of this star is incomplete. 

We have ascertained the existence, in the stellar spectrum, of a double line at D 
corresponding to the lines of sodium,, of a triple line at b coinciding with the group of 
magnesium^ and of two strong lines coincident wdth the lines of hydrogen C and F. 

16. Capella. — ^This is a white star with a spectrum closely resembling that of our 
sun. The lines are very numerous ; we have measured more than twenty of them, 
and ascertained the existence of the double sodium line at D, but we defer giving details 
until we have completed our comparison with the spectra of other metals. 

From this star we obtained (on February 27, 1863) a photograph of the more refran- 
gible end of the spectrum ; but the apparatus was not sufficiently perfect to exhibit any 
stellar lines. 

17. Aectueus (a Bootis). — This is a red star the spectrum of which somewhat resem- 
bles that of the sun. In this also we have measured upwards of thirty lines, and have 
ascertained the existence of a double sodium line at D ; but our comparisons with other 
metallic spectra are not yet complete. 

18. Pollux. — In tJie spectrum of this star, which is rich in lines, we have measured 
twelve or fourteen, and have observed coincidences with the lines of sodium^ magmmum^ 
and probably of iron. At any rate there is a line which we believe occupies the posi- 
tion of E in the solar spectrum. 

a Cygni and Peocyox are both full of fine lines. In each of these spectra we observed 
a double line coincident with the sodium D. 
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19. The following stars have also been observed: numerous lines are seen in the 
spectrum of mch ; and in some, several of the lines were measured ; but we have not 
instituted any comparisons with the metallic spectra as yet. 

Castor \ g, and n Ursas majoris; a and s Pegasi ; a, ^3, and y Androntedw, the last 
an interesting spectrum ; Bigel^ a spectrum full of fine lines ; n Orionis ; e Trianguli ; 
y and g Cygni ; a, |3, y, s, and ri Cassiopeim ; y Gendnorum ; /3 Cams majoris ; (3 Cams 
mimris ; 8pica ; y, and g Virginis ; a Aguilae ; Cor Caroli ; )3 Awrigm ; Begulus ; f3, y, 

s, and ^ Leonis. 

§ V. General Observations. 

20. On the Colours of the Stars. — From the earliest ages it has been remarked that 
certain of the stars, instead of appearing to be white, shine with special tints ; and in 
countries where the atmosphere is less humid and hazy than our own, this contrast 
in the colour of the light of the stars is said to be much more striking. Various 
explanations of the contrast of colours, by vSestixi and others, founded chiefly on the 
difference of the wave-lengths corresponding to the different colours, have been at- 
tempted, but as yet without success. Probably in the constitution of the stars as 
revealed by spectrum analysis, we shall find the origin of the differences in the colour 
of stellar light*. 

Since spectrum analysis shows that certain of the laws of terrestrial physics prevail in 
the sun and stars, there can be little doubt that the immediate source of solar and stellar 
light must be solid or liquid matter maintained in an intensely incandescent state, the 
result of an exceedingly high temperature. For it is from such a source alone that we 
can produce Hght even in a feeble degree comparable with that of the sun. 

The light from incandescent solid and liquid bodies affords an unbroken spectrum 
containing rays of light of every refrangibility within the portion of the spectrum which 
is visible. As this condition of the light is connected with the state of solidity or 
liquidity, and not with the chemical nature of the body, it is highly probable that the 
light when first emitted from the photosphere, or light-giving surface of the sun and 
of the stars, would be in all cases identical. 

The source of the difference of colour, therefore, is to be sought in the difference of 
the constituents of the investing atmospheresf. The atmosphere of each star must 

* In connexion with this subject we quote the following passage from Smyth’s ‘ Speculum HartweUianum,' 
4to, 1860, p. 315 : — “ Sir David BsHweTEE observes that there can be no doubt that in the spectrum of ever}' 
coloured star certain rays are wanting which exist in the solar spectrum ; but we have no reason to believe that 
these defective rays are absorbed by any atmosphere through which they pass. And in recording the only 
observation perhaps yet made to analjTse the light of the coloured stars, he says, *Iu the orange-coloured star of 
the double star I Herculis, I have observed that there are several defective bands. By applymg a fine rock- 
salt prism, with the largest possible refracting angle, to this orange star, as seen in Sir James Soeth's great 
adiromatic refractor, its spectrum had the annexed appearance [in the Campden Hill Journal], clearly showing 
that there was one defective band in the red space, and two or more in the blue space. Hence the colour of 
the star was orange, because there was a greater defect of blue than of red rays.’ ” 

t The presence in the atmospheres of Aldebaran and a Orionis of metals, such as iron, which require an 
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vary in nature as the constituents of the star vary ; and observation has shown that the 
stars do differ from, the sun and from each other in respect of the elements of which 
they consist. The light of each star therefore will be diminished by the loss of those 
rays which correspond in refrangibility to the bright lines which the constituents 
of each atmosphere would, in the incandescent state, be capable of emitting. In pro- 
portion as these dark lines preponderate in particular parts of the spectrum, so will the 
colours in which they occur be weaker, and consequently the colours of other refrangi- 
bilities will predominate. 

Of this the spectrum of a Orionis affords a good example. The green and blue parts of 
the spectrum are comparatively dark, from the numerous and close groups of dark lines. 
In the orange they are less strong. Hence it might be anticipated that the light of the 
star would be characterized by “ an orange tinge,” as noted by Smyth. /3 Pegasi is 
described by Smyth as “deep yellow^;” and the appearance exhibited by its spectrum, 
which closely resembles that of « Orionis, though much fainter, supports the same 
\iew. 

Aldebaran is recorded by Smyth as of a “ pale rose tint.” In the spectrum of this star, 
with the exception of the hydrogen line C, there are but few strong lines in the red, 
whilst the orange portion is considerably subdued by dark lines, which are less nume- 
rous in the green and blue. Sirius, on the contrary', is “ brilliant w^hite” (Smyth); and 
the continuous brightness of the spectrum, with the exception of five strong lines, is, as 
compared with Aldebaran and a Orionis, unaffected by the dark lines which cross it. 
The spectrum is indeed crowded with numerous fine lines ; but the intensity of these 
lines is extremely feeble as contrasted with those of the stars just mentioned. It may 
be that the length of the stellar atmosphere through which the light passes is less, 
relatively to the intensity of radiation from the photosphere, and so is insufficient to 
produce lines of the same degree of blackness as would be produced if the atmosphere 
were denser. The great intensity, however, of the light of Sirius would rather lead to 
the conclusion that the atmosphere of vapours is itself highly incandescent. If so, 
might it not to some extent replace wdth its own light, the light which it has absorbed 
from the photosphere behind it ? It matters little, however, for the present purpose, 
whether or not either of these suppositions be adopted. There is at all events a most 
striking difference between the effect on the colour of the star of the closely grouped 
and very dark lines in the green and blue portions of the spectrum of a Orionis and of 
the corresponding portion of the spectrum of Sirius, in which the dark lines are faint 
and wholly unequal to produce any noticeable subduing of the blue and green rays. 

We have not yet had an opportunity of testing by experiment whether this hypo- 


exceedingly high temperature to convert them into vapour, renders untenable the supposition, which might 
otherwise have been entertained, that the orange and red tints of the light of these stars might be due to an 
inferior d^ee of incandescence of the phot<Mphere as compared with the temperature of the stars the light of 
which is white. 



THE SPECTEA OP SOME OP THE PISED STABS. 


431 


thesis of the origin of the colours of the light of the stars is also applicable to the 
remarkable exceptional class of stars the light of which is of a decided green, blue, or 
violet colour. Such stars are usually very small, and they are always so closely approxi- 
mated to other more brilliant stars, that it is scarcely possible, with the apparatus which 
we employ, to obtain separate images of the two spectra : and even were such separation 
easily practicable, the light of the strongly coloured star is usually so feeble that its 
satisfactory prismatic analysis would be a matter of great difficulty. 

[One of the objects proposed in the construction of the spectrum apparatus with 
which the additional observations on Jupiter, Saturn, and Mars were made, and which 
has been described (p. 421) in connexion with those observations, was to make it avail- 
able for the prismatic observation of some double and multiple stars. 

Before commencing the observation of the spectra of the components of a double star, 
it is necessary that the position-angle of the stars should be approximatively known. 
The spectrum apparatus has then to be rotated upon the end of the telescope until the 
direction of the slit becomes perpendicular to a line joining the stars. When the instru- 
ment is in this position, the im^es of the stars are elongated by the cylindrical lens 
into two short lines of light parallel with the slit, and separated from each other by a 
small interval. If the telescope be now moved in a dii-ection at right angles to that of 
the slit, either of the elongated stellar images can, at pleasure, be made to fall upon the 
slit and form its spectrum in the instrument. By adopting this method of observation, 
the spectra of the components of /3 Cygni were separately examined. These spectra, 
especially that of B, are so faint that the lines are seen with difficulty, and scarcely 
admit of being measured. Since, however, on account of the strongly contrasted colours 
of these stars, considerable interest attaches to a comparative examination of their 
spectra, we have represented in fig. 4, Plate X., the appearances which these spectra 
present to the eye, though we have not yet measured the lines and bands in them. 
These figures must be regarded as eye-estimations only of the general features of the 
t'wo spectra. The spectra contain, doubtless, many other lines ; and the positions of the 
fines inserted in the drawings, with the exception of h and D, were not measured, but 
only roughly estimated. The distinctive characteristics of these spectra are in accord- 
ance with the theory of the origin of the colours of the stars proposed in the foregoing 
paragraphs. In the case of both stars, the portions of the spectrum which correspond 
to the colours which are deficient in the light of the star, are those which are most 
strongly shaded with bands of absorption. Thus in the spectrum of A, the light of 
which is yellow tinted with orange, the absorption is greatest in the violet and blue ; 
for the strong fines in the orange and red, since they are narrow, would diminish in a 
much smaller degree the light of these refrangibilities. The yellow and part of the 
green are free from strorig lines. 

The light of the star B appears to us to be blue, though in some states of the atmo- 
sphere the star becomes greenish blue, green, and even greenish white. These changes 
are probably due to the comparatively greater absorptive action of the vapours in the 
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air upon the more refrangible portions of the spectrum ; in proportion to which abiKHfp- 
tion the other parts of the spectrum become relatively exalted, and thus predominate 
more or less in the eye. 

This inequality of the absorptive action of the vapours of the atmosphere upon 
different parts of the spectrum becomes very evident if the eyepiece of the teleiK^pe 
be put out of focus (without the focus) so as to bring the blue and red rays to a focus 
in the centre of an expanded image of the star. In the case of B of /3 Cygni, the centre 
appears purple, surrounded with a margin of green. In projK>rtion to the changes in 
the atmosphere by the jmssage of masses of vapour or thin cloud, will be the variations 
of these colours. The green becomes greener ; but the blue and the violet are affected 
in a much greater degree, at times fading almost completely ; then the colours resume 
their former tints and brightness. Several such changes may sometimes occur during 
one observation. 

The spectrum B observed under conditions of atmosphere in which the colour of the 
star was blue, was remarkable for the faintness of the orange and yellow portions com- 
pared with the rest of the spectrum. The diminished brightness of these parts appears 
to be produced by several groups of closely set fine lines, while towards the more refran- 
gible limit of the spectrum a few strong lines separated by considerable intervals are 
seen. 

The observation of this star, on account of the faintness of its spectrum, is so difficult 
and fatiguing to the eye that we have not been able to examine it more accurately or 
in greater detaO. 

We have by the same method of observation examined the spectra of the components 
of a Hercnlis. The spectrum of A is remarkable for the great strength of the groups 
of lines in the green, bine, and violet ; fainter bands are ’visible in the yellow and orange, 
also two strong bands in the red. This arrangement of the bands of absorption agrees 
with the orange colour which strongly predominates in the light of this star. 

B is bluish green in colour. The more refrangible portions of its spectrum are 
very bright in consequence of the absence of any strong bands. The yellow and the 
orange parts are crossed by several groups of lines. — ^August 31, 1864.] 

The suggestive fact that stars of these more highly refrangible colours are always 
observed in close contiguity with much brighter stars, generally of an orange or red tint, 
would afford countenance to the supposition that these exceptional colours are due to 
some special physical conditions essentially connected with the stellar systems of which 
they seem to form a part. 

Aeago* remarks, “ Among the sixty or eighty thousand isolated stars, the positions 
of which are to be found in the catalogues of astronomers, there are none, I think, 
inscribed with any other indications in regard to colour, than white, red, and yellow. 
The physical conditions which determine the emission of blue and green light appear, 
then, to exist only in multiple stars.” 

* Popular Astronomy, translated Ijy Skteh and Gram*, vol i, p. 295. 
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Th^ stars are without exception feeble in the intensity of their light The expla- 
nation is not admissible, that the faint blue or violet light is due to a less intense 
incande^nce of the radiating surface, since it is precisely these more refrangible rays 
whkh would be the first to fail as the temperature diminished, and upon this supposi- 
tion the star should be dull red. It is of course to be supposed that in the process of 
gmdual cooling some bodies which are less volatile than others would cease to exist in 
the atmosphere at an earlier period than others, or that they might enter into new 
combinations more readily than others, and so modify the tint of the light emitted. 

The existence around these blue stars of an extended atmosphere of “ fog” will not 
explain the absorption of the less refrangible portion of the luminous spectrum. 

21. These spectrum observations are not without interest also when viewed in con- 
nexion with the mhular hypothesis of the cosmical origin of the solar system and fixed 
stars. For if it be supposed that all the countless suns which are distributed through 
space, or at least those of them which are bright to us, were once existing in the con- 
dition of nebulous matter, it is obvious that, though certain constituents may have 
been diffused throughout its mass, yet the composition of the nebulous material must 
have differed at different points; c*therwise, during the act of agglomeration, each 
system must have collected and condensed equal proportions of similar materials from 
the mass around. It cannot be supposed that similarity in physical properties has caused 
the association of the different elements : we find, for example, some of the least volatile 
of the metals, such as iron, associated with highly volatile elements, such as mercury 
and tellurium, in the same star. 

If we may so say, there seems to be some analogy between this irregular distribution 
of the elements in different centres in space, and the manner in which the components 
of the earth’s crust are distributed. Upon the earth there are certain very generally 
diffused elements, such as oxygen, hydrogen, carbon, silicon, iron, aluminium, and 
calcium, which occur in all parts ; whilst there are others which, like silver, tin, lead, 
and other metals, are accumulated at particular points only. Whatever may have been 
the physical causes which may have produced this separation, we see abundant evidence 
of the advantage of this distribution in their application to the purposes of man — small- 
ness in relative amount being compensated for by the accumulation of the material in 
denser deposits, which allow of their comparatively easy extraction to supply the wants 
of mankind. If this arrangement be admitted as designed in the case of the earth, is it 
going beyond the limits of fair deduction to suppose that, w^ere we acquainted with the 
economy of those distant globes, an equally ob\ious purpose might be assigned for the 
differences in composition which they exhibit ? 

22. The additional knowledge which these spectrum observations give us of the nature 
and of the structure of the fix^ stars, seems to furnish a basis for some legitimate specu- 
lation in reference to the great plan of the visible universe, and to the special object and 
design of thofse numerous and immensely distant orbs of light. 

The closdy marked connexion, in similarity of plan and mode of operation, in those 
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parts of the universe which lie within the range of experiment, and so of our more 
immediate knowledge, renders it not presumptuous to attempt to apply the process of 
reasoning from analogy to those parts of the universe which are more distant from us. 

Upon the earth we find that the innumerable individual requirements which are con- 
nected with the present state of terrestrial activity, are not met by a plan of operation 
distinct for each, but are effected in connexion with the special modifications of a general 
method embracing a wide range of analogous phenomena. If we examine living beings, 
the persistence of unity of plan observable amidst the multiform varieties of special 
adaptation of the vertebrate form of life may be cited as an example of the unity of 
operation referred to. In like manner the remarkably wide range of phenomena which 
are shown to be reciprocally interdependent and correlative of each other, by the recent 
great extension of our knowledge in reference to the relation of the different varieties 
of force and their connexion with molecular motion, exhibits a similar unity of opera- 
tion amidst the changes of the bodies which have not life. 

The observations recorded in this paper seem to afford some proof that a similar unity 
of operation extends through the universe as far as light enables us to have cognizance 
of material objects. For we may infer that the stars, while differing the one from the 
other in the kinds of matter of which they consist, are all constructed upon the same 
plan as our sun, and are composed of matter identical, at least in part, with the mate- 
rials of our system. 

The differences which exist between the stars are of the lower order y of differences of 
particular adaptationy or special modification, and not differences of the higlm order of 
distinct plans of structure. 

There is therefore a probability that these stars, which are analogous to our sun in 
structure, fulfil an analogous purpose, and are, like our sun, surrounded by planets, 
which they by their attraction uphold, and by their radiation illuminate and energize. 
And if matter identical with that upon the earth exists in the stars, the same matter 
would also probably be present in the planets genetically connected with them, as is the 
case in our solar system. 

It is remarkable that the elements most widely diffused through the host of stars are 
some of those most closely connected with the constitution of the Ihing organisms of 
our globe, including hydrogen, sodium, magnesium, and iron. Of oxygen and nitrogen 
we could scarcely hope to have any decisive indications, since these bodies have spectra 
of different orders. These forms of elementary matter, when influenced by heat, light, 
and chemical force, all of which we have certain knowledge are radiated from the stars, 
afford some of the most important conditions which we know to be indispensable to the 
existence of living organisms such as those with which we are acquainted. On the 
whole we believe that the foregoing spectrum observations on the stars contribute 
something towards an experimental basis on which a conclusion, hitherto but a pure 
speculation, may rest, viz. that at least the brighter stars are, like our sun, upholding 
and energizing centres of systems of worlds adapted to be the abode of living beings. 
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The concluding paragraphs of the preceding paper refer to the similarity of essential 
constitution which our examination of the spectra of the fixed stars has shown in all 
cases to exist among the stars, and between them and our sun. 

It became therefore an object of great importance, in reference to our knowledge of 
the visible universe, to ascertain whether this similarity of plan observable among the 
stars, and uniting them with our sun into one great group, extended to the distinct 
and remarkable class of bodies known as nebulae. Prismatic analysis, if it could be 
successfully applied to objects so faint, seemed to be a method of observ’ation specially 
suitable for determining whether any essential physical distinction separates the nebulae 
from the stars, either in the nature of the matter of which they are composed, or in the 
conditions under which they exist as sources of light. The importance of bringing 
analysis by the prism to bear upon the nebulae is seen to be greater by the consideration 
that increase of optical powder alone would probably fail to give the desired information ; 
for, as the important researches of Lord Kosse have shown, at the same time that the 
number of the clusters may be increased by the resolution of supposed nebulse, other 
nebulous objects are revealed, and fantastic wisps and diffuse patches of light are seen, 
which it would be assumption to regard as due in all cases to the united glare of suns 
stiU more remote. 

Some of the most enigmatical of these wondrous objects are those which present in 
the telescope small round or slightly oval disks. For this reason they were placed by 
Sir William Herschel in a class by themselves under the name of Planetary Nebulae. 
They present but little indication of resolvability. The colour of their light, which in 
the case of several is blue tinted with green, is remarkable, since this is a colour 
extremely rare amongst single stars. These nebulse, too, agree in showing no indication 
of central condensation. By these appearances the planetary nebulse are specially 
marked as objects which probably present phenomena of an order altogether different 
from those which chmacterize the sun and the fixed stars. On this account, as well as 
because of their brightness, I selected these nebulae as the most suitable for examination 
with the prism. 

The apparatus employed was that of which a description was given at page 421. A 
second eyepiece was used in these observations, having a magnifying power of nine 
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diameters. For the greater part of the following observations on the nebulse, the cylin- 
drical lens is not necessary, and was removed from the instrument. The numbers and 
descriptions of the nebulge, and their places for the epoch 1860, January 0, included 
within brackets, are taken from the last Catalogue of Sir John Heeschel*. 

[No. 4373. 37H. IV. R.A. 17^^ 58“ 20«. N.P.D. 23° 22' 9"-5. A planetary nebula ; 
very bright; pretty small; suddenly brighter in the middle, very small nucleus.] 
In Draco. 

On August 29, 1864, I directed the telescope armed with the spectrum apparatus to 
this nebula. At first I suspected some derangement of the instrument had taken place ; 
for no spectrum was seen, but only a short line of light perpendicular to the direction 
of dispersion. I then found that the light of this nebula, unlike any other ex-terrestrial 
light which had yet been subjected by me to prismatic analysis, was not composed of 
light of different refraugibilities, and therefore could not form a spectrum. A great 
part of the light from this nebula is monochromatic, and after passing through the 
prisms remains concentrated in a bright line occupying in the instrument the position 
of that part of the spectrum to which its light corresponds in refrangibility. A more 
carefril examination with a narrower slit, however, showed that, a little more refrangible 
than the bright line, and separated from it by a dark interval, a narrower and much 
fainter line occurs. Beyond this, again, at about three times the distance of the second 
line, a third, exceedingly faint Hne was seen. The positions of these lines in the spec- 
trum were determined by a simultaneous comparison of them in the instrument with 
the spectrum of the induction spark taken between electrodes of magnesium. The 
strongest line coincides in position with the brightest of the air lines. This line is due 
to nitrogen, and occurs in the spectrun^. about midway between h and F of the solar 
spectrum. Its position is seen in Plate Xl.f , 

The faintest of the lines of the nebula agrees in position with the line of hydrogen 
corresponding to Fraunhofee’s F. The other bright line was compared with the strong 
line of barium 2075 J: this line is a little more refrangible than that belonging to the 
nebula. 

Besides these lines, an exceedingly faint spectrum was just perceived for a short 
distance on both sides of the group of bright lines. I suspect this is not uniform, but 
is crossed with dark spaces. Subsequent observations on other nebulae induce me to 
regard this faint spectrum as due to the solid or liquid matter of the nucleus, and as 
quite distinct from the bright lines into which nearly the whole of the light from the 
nebula is concentrated. 

In the diagram (fig. 5, Plate X.) the three principal lines only are inserted, for it would 
be scarcely possible to represent the faint spectrum without greatly exaggerating its in- 
tensity. 

The colour of this nebula is greenish blue. 

* Philogophical Transactions, Part. 1, 1864, pp, 1-138. 
t See also Plulosopiiical Transactions, 1864, p. 156, and Plate I. 


t Ibid. p. 156. 
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P^.4390. 2000h.:S6. E.A. 18*‘ 5® 17«-8. N.P.D. 83n0' 53"-5. A planetary nebula ; 
veyy br%bt; very small; round; little hazy.] In Taurus Poniatowshii. 

The spectrum is essentially the same as that of No. 4373. v 

The three bright lines occupy the same positions in the spectrum, which was deter- 
mined by direct comparison with the spectrum of the induction spark. These lines 
have also the same relative intensity. They are exceedingly sharp and well defined. 
The presence of an extremely faint spectrum was suspected. In connexion with this 
it is important to remark that this nebula does not possess a distinct nucleus. 

The colour of this nebula is greenish blue. 

[No. 4514. 2050 h. 73 H. IV. E.A. 19*^ 41™ 7«-5. N.P.D. 39° 49' 4F-7. A planetary 
nebula with a central star. Bright ; pretty large ; round ; star of the 11th magnitude in 
the middle.] In Cygnus. 

The same three bright lines were seen. Their positions in the spectrum, were verified 
by direct comparison with the induction spark. In addition to these a spectrum could 
be traced from about D to about G of the solar spectrum. This spectrum is much 
stronger than the corresponding spectrum of 4373. This agrees with the greater bright- 
ness of the central star, or nucleus. The opinion that the faint continuous spectrum is 
formed alone by the light from the bright central point was confirmed by the following 
obsenation. When the cylindrical lens was removed, the three bright lines remained 
of considerable length, corresponding to the diameter of the telescopic image of the 
nebula ; but the faint spectrum became as narrow as a line, showing that this spectrum 
is formed by light which comes from an object of which the image in the telescope is a 
point. 

Lord Eosse remarks of this nebula, “ A very remarkable object, perhaps analogous 
to H. 450”* 

The colour of this nebula is greenish blue. 

[No. 4510. 2047 h. 51 H. lY. E.A. 19^ 36™ 3«-0. N.P.D. 104° 28' 52"-5. A planet- 
ary nebula. Bright ; very small ; round.] In Sagittarius. 

This nebula is less bright than those which have been described. The two brighter of 
the lines were well defined, and were directly compared with the induction spark. The 
third line was seen only by glimpses. I had a suspicion of an exceedingly faint spectnim. 

The colour of this nebula is greenish blue. 

Lord Eosse remarks, “Centre rather dark. The dark part is a little north pre- 
ceding the middle ”f . 

[No. 4628, 2098 h. 1 H. IV. E.A. 20^ 56™ 31«*2. N.P.D. 101° 55' 4"*8. An 
exceedingly interesting object. Planetary; very bright; small; elliptic.] In Aqua- 
rius. 

The three bright lines veiy sharp and distinct. They were compared for position 
with the induction spark. Though this object is bright, an indication only of the faint 

*■ Philosophical Transaetioiia, Part III. 1861, p. 733. For a figure o£H, 450 see Philosophical Transaetioas, 
1850, Plate XXXYIH. fig. 15. 

t Ibid. 1861, Part III. p. 732. 
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Spectrum suspected. This nebula contains probably a yery small quantity of matter 
condensed into the liquid or solid state. 

The colour of the light of this nebula is greenish blue. 

Lord Rosse has not detected any central star, nor any perforation, as ^en in some 
of the other planetary nebulae. He represents it with ansae, which probably indicate a 
nebulous ring seen edgeways*. 

[No. 4447. 2023 h. 67 M. R.A. 48“ 20«. N.P.D. 67" 8' 67"-2. An annular 
nebula ; bright ; pretty large ; considerably elongated.] In Lyraf . 

The apparent brightness of this nebula, as seen in the telescope, is probably due to 
its large extent, for the faintness of its spectrum indicates that it has a smaller intrinsic 
brightness than the nebulae already examined. The brightest of the three lines was 
well seen. I suspected also the presence of the next in brightness. No indication what- 
ever of a faint spectrum. The bright line looks remarkable, since it conrists of two 
bright dots corr^ponding to sections of the ring, and between these there was not dark- 
ness, but an excessively faint line joining them. This observation makes it probable 
that the fiiint nebulous matter occupying the central portion is similar in constitution to 
tiiat of the ring. The bright line was compared with the induction-spark 
[No. 4964. 2241 h. 18H. lY. R.A. 23“ 19“ 9**9. N.P.D. 48" 13' 5r'*6. Planetary; 
very bright ; pretty small, round, blue.] 

With a power of 600 this nebula appears distinctly annular. The colour of its light 
is greenish blue^. The spectrum formed by the light from this nebula corresponds with 
that of 37 H. lY. represented in fig. 6, Plate X. 

* Philosophical Transactions, 1850, p. 507 and Plate XXXVIII. fig. 14. 

t Lord Rosse, in his description of this nehnla, remarks, “ The filaments proceeding from the edge hecome 
more conspicuous under increasing magnifying power within certain limits, which is strikingly characteristic of 
a cluster ; still I do not feel confident that it is resolvable.” — ^Philosophical Transactions, 1844, p, 322 and 
Plate XIX. fig. 29. 

In 1850 Lord Eosse farther remarks, “ I have not yet sketched it with the 6-feet instmmenti becmnse I 
have never seen it under favourable circumstances : the opportunities of observing it well on the meridian are 
comparatively rare, owing to twilight. It was observed seven times in 1848. and once in 1849. The only addi- 
tional particulars I collect from the observations are that the central opening has considerably more nebnlosify, 
and there is one pretty bright star in it, s. f. the centre, and a few other very minute stars. In the sky round 
the nehnla and near it there are several very small stara which were not before seen ; and therrfore tto stars 
in the dark opening may possibly be merely accidental In the annulus, especially at the extremities of the 
minor axis, there are several minute stars, but there was still much nebulosity not seen as distinct stars.” — - 
PhEoBophical Transactions, 1850, p. 506, 

^‘Notbing additional since 1844, except a star s. f. the middle.” — Philosophical Transactions, 1861, p. 732. 

t Already in 1850 Lord Eo^e bad discovered a connexion in general plan of structure between tsf the 
nebulae which present small planetary disks in ordinary telescopes, and the annular nebula in Lyra. His wnnla 
ara, " There were but two annular nebulae known in the northern hemisphere when Sir JoHir HEBStmUL^s 
Catalogue was publish ^ ; now there are seven, as we have found that five of the planetary nebulm are really 
annular. Of these objecte, the annular nebula in Lyra is the one in which the form is the most easily recog- 
nized.” — Philosophical Transactions, 1850, p. 506, 

§ For Lord Eosse’s observations of this nebula, see PhEcfflophical Transactions, 1844, p, 323 ; ibid. 1850, 
p. 507 and Plate XXXVIU. fig. 13 ; ibid. 1861, p. 736 and Plate XXX, fig. 40. 
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‘bi the spectrum of this nebula, however, in addition to the three bright Hues, a fourtii 
bright line, excessively faint, was seen. This line is about as much more refrangible 
than the line agreeing in position with F as this line is more refrangible than the 
brightest of the lines, which coincides with a line of nitrogen, » 

[No. 4532. 2060 h. 27 M. RA. 63“29«-3. N.P.D. 67° 39' 43." Very bright ; very 
large ; irregularly extended. Dumb-bell.] In Vulpecula. 

The light of this nebula, after passing through the prisms, remained concentrated in a 
bright hne corresponding to the brightest of the three lines represented in fig. 5, Plate X. 
This line appeared nebulous at the edges. No trace of the other hnes was perceived, 
nor was a faint continuous spectrum detected. 

The bright line was ascertained, by a simultaneous comparison with the spectrum 
of the induction spark, to agree in position with the brightest of the lines of 
nifrogen. 

Minute points of light have been observed in this nebula by Lord Eosse, Otto Steuve, 
and others ; the spectra of these bright points, especially if continuous like those of 
stars, are doubtless invisible from excessive faintness. 

By suitable movements given to the telescope, diiferent portions of the image of the 
nebula formed in the telescope were caused successively to fall upon the opening of the 
slit, which was about inch by inch. This method of observation showed that 
the light from different parts of the nebula is identical in refrangibihty, and varies alone 
in ’degree of intensity. 

In addition to these objects the following were also observed : — 

[No. 4294. 92 M. E.A. 17^ 12“ 56«-9. N.P.D. 46° 43' 31"-2.] In Hercules. Very 
bright globular cluster of stars. The bright central portion was brought upon the slit 
A faint spectrum similar to that of a star. The light could be traced from between C 
and D to about G. 

Too faint for the observation of lines of absorption. 

[No. 4244. 50 H. IV. E.A. 16^^ 43“ 6^*4. N.P.D. 42° 8' 38"-8. Very bright; large; 
round.] In Hercules. The spectrum similar to that of a faint star. No indication of 
bright lines. 

[No. 116. 50 h. 31 M. E.A. 0^ 35“ 3^*9. N.P.D. 49° 29' 45"-7.] The brightest part 
of the great nebula in Andromeda was brought upon the slit. 

The spectrum coiild be traced from about D to P. The light appeared to cease very 
abruptly in the orange ; this may be due to the smaller luminosity of this part of the 
specfrum. No indication of the bright lines. 

[No. 117. 51 h. 32 M. E.A. Ot* 35“ 5«*3. N.P.D. 49° 54' 12"-7. Very very bright ; 
large ; round ; pretty suddenly much brighter in the middle.] 

This small but very bright companion of the great nebula in Andromeda presents a 
spectrum apparently exactly similar to that of 31 M. 

The spectrum appears to end abruptly in the orange ; and throughout its length 

3]y2 
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is not uniform, but is e^dently crossed either by lines of absorption or by bright 
lines. 

[No. 428. 56 Androm. K.A. 44™ 55®*9. N.P.D. 49° 57' 41"‘5. Fine nebulous 
star with strong atmosphere.] The spectrum apparently similar to that of an ordinary 
star^. 

[No. 826. 2618 h. 26 IV. E.A. 4^ 7™ 50«*8. N.P.D. 103^5' 32"-2. Very bright clus- 
ter.] In Eridanus. The spectrum could be traced from the orange to about the blue. 
No indication of the bright lines. 

Several other nebulse were observed, but of these the light was found to be too faint 
to admit of satisfactory^ examination with the spectrum apparatus. 

It is obvious that the nebulse 37 H. IV., 6 73 H. IV., 51 H. IV., 1 H. IV., 57 M., 

18 H. IV. and 27 M. can no longer be regarded as aggregations of suns after the order to 
which our own sun and the fixed stars belong. We have in these objects to do no longer 
with a special modification only of our own type of suns, but find ourselves in the presence 
of objects possessing a distinct and peculiar plan of stnicture. 

In place of an incandescent solid or liquid body transmitting light of all refrangibili- 
ties through an atmosphere which intercepts by absorption a certain number of them, 
such as our sun appears to be, we must probably regard these objects, or at least their 
photo-surfaces, as enormous masses of luminous gas or vapour. For it is alone from 
matter in the gaseous state that light consisting of certain definite refrangibilities only, 
as is the case with the light of these nebulse, is known to be emitted. 

It is indeed possible that suns endowed with these peculiar conditions of luminosity 
may exist, and that these bodies are clusters of such suns. There are, however, some 
considerations, especially in the case of the planetary nebulse, which are scarcely in 
accordance with the opinion that they are clusters of stars. 

Sir John Herschel remarks of one of this class, in reference to the absence of central 
condensation, “ Such an appearance would not be presented by a globular space uni- 
formly filled with stars or luminous matter, which structure would necessarily give rise 
to an apparent increase of brightness towards the centre in proportion to the thickness 
traversed by the visual ray. We might therefore be inclined to conclude its real con- 
stitution to be either that of a hollow spherical shell or of a fiat disk presented to us 
(by a highly improbable coincidence) in a plane precisely^ perpendicular to the visual 
ray”f. This absence of condensation admits of explanation, without recourse to the 
supposition of a shell or of a flat disk, if we consider them to be masses of glowing gas. 
For supposing, as we probably must do, that the whole mass of the gas is luminous, 
yet it would follow, by the law which results from the investigations of Kiechhoff, 
that the light emitted by the portions of gas beyond the surface visible to us, would 

* “Looked at eight times, hut saw no nebulous atmosphere.” — Lord Eosse, Philosophical Transactiona, 
1861, p. 712. 

t Outlines of Astronomy, 7th edit. p. 646. 
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be in great measure, if not wholly, absorbed by the portion of gas through which it 
would have to pass, and for this reason there would be presented to us a luminous sur- 
face only* 

Sir JoHJT Heeschel further remarks f, “Whatever idea we may form <^f the real 
nature of the planetary nebulae, which all agree in the absence of central condensa- 
tion, it is evident that the intrinsic splendour of their surfaces, if continuous^ must 
be almost infinitely less than that of the sun. A circular portion of the sun’s disk, 
subtending an angle of T, would give a light equal to that of 780 full moons, while 
among all the objects in question there is not one which can be seen with the naked 
eye.” The small brilliancy of these nebulae is in accordance with the conclusions sug- 
gested by the observations of this paper; for, reasoning by analogy from terrestrial 
physics, glowing or luminous gas w'ould be very inferior in splendour to incandescent 
solid or liquid matter. 

Such gaseous masses would be doubtless, from many causes, unequally dense in 
different portions ; and if matter condensed into the liquid or solid state w^ere also 
present, it would, from its superior splendour, be visible as a bright point or points 
within the disk of the nebula. These suggestions are in close accordance with the 
observ’ations of Lord Eosse. 

Another consideration which opposes the notion that these nebulas are clusters of 
stars is found in the extreme simplicity of constitution which the three bright lines 
suggest, whether or not we regard these lines as indicating the presence of nitrogen, 
hydrogen, and a substance unknown. 

It is perhaps of importance to state that, except nitrogen, no one of thirty of the 
chemical elements the spectra of which I have measured has a strong line very near the 
bright line of the nebulae. If, however, this line were due to nitrogen, we ought to 
see other lines as well ; for there are specially two strong double lines in the spectrum 
of nitrogen, one at least of which, if they existed in the light of the nebula, would be 
easily visible J. In my experiments on the spectrum of nitrogen, I found that the 


* Sir William Herschel in 1811 pointed out the necessity of supposing tte matter of the planetary nebulae 
to have the power of intercepting light. He wrote : — “ Admitting that these nebulae are globular coHections 
of nebulons matter, they could not appear equally bright if the nebulosity of which they are composed consisted 

only of a luminous substance perfectly penetrable to light Is it not rather to be supposed that a certain 

high degree of condensation has alredftiy brought on a sufficient consolidation to prevent the penetration of light, 
which by this means is reduced to a superficial planetary appearance?’^ 

Their planetary appearance shows that we only see a superficial lustre such as opaque bodies exhibit, and 
which could not happen if the nebulous matter had no other quality than that of shining, or had so little 
solidity as to be perfectly transparent.” — ^Philosophic^ Transactions, 1811, pp. 314, 315. 
t Outlines of Astronomy, 7th edit, p, 646. 

Philosophical Transactions, 1864, p. 154 and Plate I. 

Por the purpose of ascertaining whether the absence of iEe other bright lines of nitrogen might he con- 
nected with the presence of hydrogen, I arranged an apparatus in which, while the spectrum of the induction- 
spark in a current of nitrogen was being observed, a current of hydrogen could be introduced, and the propor- 
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character of the brightest of the lines of nitrogen, that with which the line in the nebnlse 
coincides, differs from that of the two double lines nest in brilliancy. This line is more 
nebulous at the edges, even when the slit is narrow and the other lines are t^in and 
sharp. The same phenomenon was observed with some of the other elements*. We 
do not yet know the origin of this difference of character observable among lines of 
the same element. May it not indicate a physical difference in the atoms, in connexion 
with the vibrations of which the lines are probably produced 1 The speculation pre- 
sents iteelf, whether the occurrence of this one line only in the nebulse may not indi- 
cate a form of matter more elementary than nitrogen, and which our analysis has not 
yet enabled us to detect. 

Observations on other nebulae which I hope to make, may throw light upon these 
and other considerations connected with these wonderful objects. 


tion of the two gases to each other easily regulated. With this apparatus the fading out of the bright linas of 
nitrogen, as the proportion of this gas to hydrogen was diminished, and again their increase in brilhaney when 
the current of nitrogen was made stronger, were carefully observed, but without detecting any marked variation 
in the relative brightness of the lines. 

* Philosophical Transactions. 1864, pp. 143, 150. 
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XIV. On the Arrangmmt of the Muscular Fibres in the Ventricles of the Vertebrate 
Hearty with Physiological Remarks, By James Bell Pbttigeew, M.B. Edin.; 
Asdstant in the Museum of the Royal College of Surgeons of England ; Extrawdinary 
Mender cmd late President of the Royal Medical Society of Edinburgh^ <&€. 
Communicated by John Goodsie, Esg,, F.R,SS. L. and E., Professor of Anatomy in 
the Universify of Edinburgh. 

E^eived March 26, — Bead April 23, 1863. 

The principal part of the following communication was presented to the Boyal Society 
of London, in November 1859, and formed the subject of the Croonian Lecture for 1860. 
An abstract of it was published in the ‘ Proceedings ’ of the Society for April of that 
year. It was subsequently withdrawn for extension and revision, and I have, to express 
my regret that the time occupied in this work has, from various unforeseen causes, been 
much longer than I anticipated. 

The paper, as now presented, consists of four paits or sections, — the first section 
being devoted to the anatomy of the ventricle of the fish ; the second to the anatotny of 
the ventricle of the reptile ; the third and fourth treating of the ventricles of the bird 
and mammal, I have adopted this arrangement, because the structure of the ventricle 
in the fish and reptile is to a certain extent rudimentary, and a knowledge of it forms 
an appropriate introduction to the more intilcate structure met with in the ventricles 
of the bird and mammal. 

Of the ventricles more particularly examined in the fish, may be enumerated those of 
the salmon, shark, sunfish, fishing frog, turbot, and cod ; in the reptile, those of the frog, 
turtle, tortoise, snake, and alligator ; in the bird, those of the duck, goose, swan, tui'key, 
capercailzie, eagle, and emu ; and in the mammal, those of man, the mysticetus, dugong, 
porpoise, seal, armadillo, lion, giraffe, camel, horse, ox, ass, sheep, hog, hedgehog, dog, 
and deer. 

VENTRICLE OF THE FISH. 

In the fish, as is well known, the heart consists of two portions, one auricle and one ven- 
tricle. The shape of the ventricle in the salmon, which has been selected as typical of this 
division of vertebrate animals, is that of a three-sided pyramid, the base of which is per- 
forated by two openings. These openings conduct to a conical-shaped ventricular cavity 
of comparatively small dimensions, the capacity of which is increased by its giving off 
numerous canals, which tunnel the ventricular wall in aU directions, particularly towards 
the apex. The walls of the ventricle are accordingly of great thickness, and destitute of 
that solidity which characterizes the walls of the ventricles of the bird and mammal. 

MDCCCLXIV. 3 o 
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The fibres composing the ventricle of the fish consist of three layers — an external 
layer, a central transverse layer, and an internal one. The fibres of the external layer 
issue from the auriculo-ventricular opening and the opening for the bnlbns arteriosus— 
some arising from the tendinous rings surrounding these aperturps, others being con- 
tinuous mth corresponding fibres in the interior. Their course on the base is from 
before backwards, and is more or less circular ; i. e, they flow in curves from either side 
of the auriculo-ventricular and arterial openings, towards the basal margin, over which 
they bend in graceful folds, to appear on the anterior and posterior borders and surfaces. 
On the borders, especially the posterior ones, they arrange themselves in paridlel Hues, 
and are continuous with each other at the angles and at the apex, where they are also 
continuous with the fibres of the internal layer. On the surfaces, the fibres of the 
superficial layer pursue a somewhat vertical direction, a certain number of them curving 
slightly upon themselves, and dipping beneath others having a more superficial position. 
The object of this arrangement is, to permit the superficial layer to furnish fibrous fila- 
ments which traverse the wall of the ventricle in a direction from without inwards, and 
which from this circumstance may be designated the perforating fibres. These perforating 
fibres connect the external and internal layers with each other, and with the fibres of 
the transverse or circular layer. Their function is obviously to approximate the various 
layers during the contraction of the ventricle, this approximation being rendered neces- 
sary by the ventricular walls of the fish, as has been explained, being tunnelled in various 
directions by canals proceeding from the ventricular cavity — these requ* ing to be emptied 
of blood during the syst fie. 

When the external layer, which in the fish is comparatively thin, is removed, the 
transverse layer, with here and there the cut ends of the perforating fibres, is exposed. 
The fibres of the transverse layer are more or less circular, and differ from the fibres of 
the superficial layer in running at right angles to them ; they moreover occur in fasciculi 
arranged in parallel lines, and may be readily separated from each other. The trans- 
verse layer is of considerable thickness, and is connected with the external and internal 
ones by fibres which it gives off to, and receives from both. The appearance presented 
by the ventricle of the fish, when the transverse layer is taken away, is somewhat porous, 
owing to the ends of the perforating fibres, and the orifices of the canals which permeate 
the substance of the ventricle from within, being at this stage of the dissection exposed. 
On tracing the perforating fibres whose ruptured extremities are thus brought into view, 
their connexion with the fibres constituting the internal layer may be clearly made out. 

The fibres of the internal layer are continuous, in many instances, with the external 
fibres at the base, apex, and other portions of the ventricular wall, and are best exposed 
by cutting into the ventricular cavity, and dissecting from within outwards. They pro- 
ceed in well-marlicd V bundles from apex to base, and resemble in their general 
character the cameae columnse of the ventricles of the bird and mammal. They differ, 
however, from the camese columnae in question in having a more highly reticulata struc- 
ture. Situated within the reticulations, are a vast number of minute orifices commu- 
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nicalang with the ventricular cavity, and conducting to canals of various sizes. These 
canak freely unite with each other, Mid, as they penetrate the ventricular wall only to 
certain depths, may on this account be denominated terminal canals. They serve to 
incr^e the size of^the ventricular cavity, and render the ventricle lighter than it 
would otherwise be. 

The ventricle of the fish may be regarded as a conical-shaped muscular bag, the fibres 
of which are curiously interwoven to secure the greatest amount of strength with the 
least po^ible material, and, what is not less desirable in a physiological point of view, 
to ensure that the organ shall contract in all directions, the more thoroughly to eject 
the blood from its interior. There is, however, in the ventricle under consideration, as 
far as I have been able to discover, no principle in the arrangement similar to that 
which, as I shall endeavour to explain, occurs in the ventricles of the higher vertebrata. 

VENTRICLE OF THE REPTILE. 

The form of the ventricle of the reptile’s heart is intermediate between the well- 
defined pyramidal shape in the fish, and the finely rounded conical form of the ven- 
tricles in the bird and mammal. Thus it has the dorsal surface flattened, as in the fish, 
while the two anterior surfaces present a somewhat convex outline. 

The arrangement of the fibres in the ventricle of the reptile is so similar in many 
respects to that met with in the ventricle of the fish, that a separate description appears 
unnecessary. There are, however, points of difference deserving of notice. The fibres 
composing the external and internal layers in the ventricle of the reptile are more 
decidedly vertical than in that of the fish, and run with fewer interruptions from the 
base to the apex, and from the apex to the base. This difference is well seen in the 
ventricle of the python and alligator, and is an approach to what is found in similar 
layers in the ventricles of the bird and mammal. The external layer in the ventricle 
of the reptile is thinner than in the ventricle of the fish, the internal layer being com- 
paratively much thicker. The transverse layer, in the ventricle of the reptile, is also 
thinner than in the ventricle of the fish, the perforating fibres which run between the 
external and internal layers being on the contrary increased both in number and size. 
The perforatiug fibres have further a tendency to split up and give offsets to run athwart 
the ventricle in the direction of the transverse layer, and in this manner supply the 
deficiency in its thickness. The ventricular cavity of the reptile is smaller than in the 
fish, while the number of terminal canals which proceed from it to ramify in the ventri- 
cular wall is greater. This circumstance renders the wall of the ventricle of the reptile 
at once thicker and less dense than that of the fish. Lastly, the ventricular cavity 
of the reptile is variously shaped, according as the septum is absent or present and 
partially or frilly developed. 

TENTRICLES OF THE BIRD. 

The ventricles of the bird so closely resemble those of the mammal in appearance 
and structure, that one description will suffice for both. Care however will be taken, 
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when explaining the construction of the right ventricle of the mammal, to di^uis at 
length the peculiar fleshy valve which in the bird occupies the right auriculo-vmitri- 
cular orifice. This valv^ constitutes, I may remark, the distinguishing feature between 
the ventricles of the bird and mammal. , 

VENTRICLES OE THE MAMMAL. 

The ventricles in the mammal are subject to considerable variation as regards shape. 
In the porpoise they have their dorsal or posterior surface flattened, and their anterior 
surface very slightly rounded, as in the higher reptiles. 

In the mysticetus the ventricles are compressed laterally, and so resemble thosg of 
the higher fishes. In the dugong and rhytina, they are characterized by having two very 
distinct and widely separated apices, as shown in Plate XIV. fig. 42. 

The general appearance presented by the ventricles of the mammal is familiar to aU, 
it being that of an irregular cone slightly twisted upon itself. The posterior surface of 
the cone is flattened, as in the ventricle of the fish and reptile, and on account of the 
obliquity of the base is shorter than the anterior surface. The anterior surface, which 
is divided into two by an oblique sulcus or furrow, is, on the contrai 7 , rounded and 
prominent, and presents a characteristic convex outline. Two margins or borders are 
usually described — a right inferior or acute margin (raargo acutus), and a left superior 
or obtuse one (margo obtusus). As, however, these margins vary somewhat in difierent 
hearts, no general description concerning them can be strictly applicable. In the hearts 
of the ass, American elk, and deer tribe generally, the ventricles are rounded and taper 
towards the apex, so that the right margin appears almost as obtuse as the left ; while 
in those of the armadillo and carnivora, the ventricles, which are not taper but purse- 
shaped, have likewise the right side very obtuse*. The idea therefore of an acute 
margin ought perhaps to be confined to the right side of the human heart and a few 
others, such as the heart of the seal and hog, both of which bear a considerable resem- 
blance to that of man. 

The base of the cone formed by the ventricles of the mammal, as is well known, is 
perforated by four openings. These openings are surrounded by fibrous rings, and con- 
duct to conical-shaped spiral cavitiesf, which var}^ somewhat in size according as the 
camese columnse are absent J or present, and the musculi papillares feebly or fully 
developed. 

Considered as a muscle, the heart, and especially the ventricular portion of it, is 
peculiar. Being in the strictest acceptation of the term an involuntary muscle, its 
fibres nevertheless possess the dark colour, and transverse markings, which are charac- 

* Between these extreme in shape may be ranked the Tentricles of the camel, horse, ox, ^affe, calf, hare, 
rabbit, &c. 

t See photograph of a wax cast of the interior of the Tentricles of a deer’s heart, Plate XII. figs. 16 17, 

and transverse sections, Plate XV. figs. 49 to 53 inclusive. 

+ The ventricles of the American elk are devoid of camese colnnmse, as are likewise those of tite deer 
(Plate XY. fig. 48). 
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teristic of the Tolimtary muscles. Unlike the generality of voluntary muscles, on the 
other hand, the fibres of the ventricles, as a rule, have neither origin nor insertion ; i. e. 
they are continuous alike at the apex of the ventricles and at the base. They are 
further distinguished by the almost total absence of cellular tissue as a coni^ecting 
medium * — the fibres being held together partly by splitting up and running into each 
other, and partly by the minute ramifications of the cardiac vessels and nerves f. 

The manner in which the fibres are attached to each other, while it necessarily 
secures to the ventricles considerable latitude of motion, also furnishes the means 
whereby the fibres composing them may be successfully unravelled ; for it is found that 
by the action of certain reagents, and the application of various kinds of heat, as in 
roasting and boiling J, the fibres may be prepared so as readily to separate from each 
other, in layers of greater or lesser thickness. 

The crowning difference, however, and that which it is the especial object of the 
present paper to treat, is the arrangement of the fibres themselves — an arrangement so 
unusual and perplexing, that it has long been considered as forming a kind of Gordian 
knot in anatomy. Of the complexity of the afrangement I need not speak, further than 
to say that Vesalius, Albecus, Hallee §, and De Blainyille || all confessed their 
inability to unravel it. 

Of those who have written more particularly on the structure of the mammalian 
heart, may be mentioned Lowee^ (1669), Baetholin** (1678), Winslow ff (1711), 

* The little cellular tissue there is, is found more particularly at the base and apex of the ventricles, and is 
so trivial as to be altogether, though wrongly, denied by some. See article “ On the Fibres of the Heart,” by 
Mr, Seable, in the ‘ Cyclopaedia of Anatomy and Physiology,’ p. 652. 

t When the vessels of the ventricles are injected in the cold state with some material which will stand hear 
(as, for example, a mixture of starch and water), and the heart boiled, the larger trunks from either coronary" 
arteiy are found to give off a series of minute branches which penetrate the ventricular wall in a direction from 
without inwards — these branches, when the dissection is conducted to a certain depth, appearing like so many 
bristles traMfixing the ventricular wall. As, moreover, the cardiac nerve-trunks accompany the trunks of the 
coronary vessels, while the nerve-filaments cross the smaller branches of tlie vessels, and the muscular fibres, 
(to both of which they afford a plentiful supply of nerve-twigs,) the influenoe exerted by the vessels and nerves, 
in uniting or binding the muscular fibres to each other, is very considerable. Tide Inaugural Prize Dissertetion 
by the author, “ On the Arrangement of the Cardiac Nerves, and their connexion with the Cerehro-spinal and 
Sympathetic Systems in MammaEa,” dep(»ited in the University of Edinburgh Library, March 1861, 

t Of the various mod^ recommended for preparing the ventricles prior to dissection, I prefer that of con- 
tinued boiling. The time required for the human heart, and those of the small quadrupeds, as the sheep, hog, 
calf, mid deer, may vary from four to six hours ; while for the hearts of the larger quadrupeds, as the horse, ox, 
ass, &c., the boiling should be continued from eight to ten hours; more than this is unnecessary. A good plan 
is to stuff the ventricular cavities loosely with bread crumbs, bran, or some pliant material before boiling, in 
order, if pcwsible, to distend without ovei^dretching the muscular fibres. If this plan be adopted, and the 
ventricles soaked for a fortnight or so in alcohol before being dissected, tiie fibres will be found to separate with 
great facility. Yafst recommended that the heart should be boiled in a solution of nitre ; but nothing is gained 
by this procedure. 

§ El. Phys. tom. i. p. 351. )| Cours de Physiologic, &c. tom. ii. p. 359. 

•[[ Tractates de Corde, &c. Ixindon, 1669. ** Dissert, de Cordis structura et usu. Haihise, 1678. 

ft “ Sur Fibres du Occur et sur ses Valves,” Mem. de PAcad. Hoy. de Paris, 1711. 



450 


DE. PEmOBEW OH THE ABRAHOBMOTT OF THE FIBRES 


Sekac^ (1749), HAUuEEt (1767), Wolff J (1780-1792), Geedy§ (1823), and EmbI 
(1839). The writings of these investigators, although differing in minor matters, ^ee 
on the whole, as may be seen by a hasty reference to the more prominent views enter- 
tained by them. As early as 1669, Dr. Eichaed Lowee promulgated the idea that the 
external fibres of the ventricles of the mammal proceed in a spiral direction from left 
to right downwards ; the internal fibres proceeding from left to right upwards. The 
fibres, according to this author, are continuous at the apex, and form an imperfect figure 
of 8. In this opinion Lowee was followed by Gerdy, who, however, maintained that 
the external and internal fibres make a more perfect figure of 8 thmi that given by 
Lower, and added that all the fibres of the heart form loops, the apices of which look 
towards the apex of the heart. This idea of Gerdy’s with reference to the looped 
arrangement of the fibres at the apex was combated in recent times by Dr. Duncak, 
jun., of Edinburgh •[[, who says, Gerdy commits a grave error when hp asserts that all 
the fibres of the heart form loops the apices of which look towards the apex of the heart, 
since the number of tops (and by this Dr. Dtjjj'Can means loops) which look in the opposite 
directim, or towards the base, is not less. Adopting the suggestion of Dr. Duncah, it 
follows that the fibres composing the ventricles form twisted loops, which look alike 
towards the apex and the hose. Frederick Caspar Wolff furthered the investigation, 
by showing the possibility of dividing the muscular substance composing the ventricles 
into bands ; whilst Sexac in the last century, and Dr. Jon>" Eeid in this, gave a new 
interest to the subject, by showing that the fibres of the external and internal surfaces 
of the ventricles are more vertical in direction than the deeper or more central fibres, 
which more approach to the circular. Such are a few of the more important facts ascer- 
tained by successive investigators. 

Having myself in the summer of 1858 made numerous dissections, upwards of 100 of 
which are preserved in the Anatomical Museum of the University of Edinburgh I 
have andved at results which appear to me to throw additional light on this complex 
question, and which seem to point to a law in the arrangement, simple in itself, and 
apparently comprehensive as to detail. This law will be adverted to subsequently. 


Summary of Facts established in the present Memoir, 

The following are a few of the more salient points demonstrated, which the reader 

* Traite de la structure du Cceur, de son action, &c. Paris, 1749. 
t Eiementa Phjsiologise, tom. i. 1757. 

X “ Dissertationes de ordine fibrarum muscularium Cordis,’’ in Acta Acad, Petropolit. 1780-1792. 

§ Rechercbes, Discussions et Propositions d’Anatomie, Physiologic, &c. 1823. 
jj Cycl. of Anat. and Phys., article “Heart.” London, 1839. 

^ See extract from Dr. Dufcak’s unpublished manu^ript, given by Dr. Iohk B,eid in Cycl. of Anat. and 
. Tbys., article “ Heart,” p. 592. 

** These dissections obtained the Senior Anatomy Gold Medal of the University, in the winter of 
1859. 
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may corroborate by arefer^ace to the accompanying Plates, engraved from photographs 
taken by myself from the dissections. 

L By exercising due care, I have ascertained that the fibres constituting the ventricles 
are rolled upon each other in such a manner as r^dily admits of their being separated 
by dissection into layers or strata, the fibres of each layer being characterized by having 
a different direction. 

II. These layers, owing to the difference in the direction of their fibres, are well 
marked, and according to my finding, are seven in number — viz. three external, a fourth 
or central, and three internal. 

III. There is a gradational sequence in the direction of the fibres constituting the 
layers, whereby they are made gradually to change their course from a nearly vertical 
direction to a horizontal or transverse one, and from the transverse direction, back again 
to a nearly vertical one. Thus, in dissecting the ventricles from without inwards, the 
fibres of the first layer, which run in a spiral direction from left to right downwards, are 
more vertical than those of the second layer, the second than those of the third, the 
third than those of the fourth— the fibres of the fourth layer having a transverse direc- 
tion, and mnning at nearly right angles to those of the first layer. Passing the fourth 
layer, which occupies a central position in the ventricular walls and forms the boundary 
between the external and internal layers, the order of airangement is reversed, and the 
fibres of the remaining layers, viz. five. six. and seven, gradually return in an opposite* 
direction, and in an inverse order to Ihe i elation to the vertical as that maintained 
by the fibres of the first external layer. Tb^’s remarkable change in the direction of the 
fibres constituting the several external and internal layers, which is observed to occur 
in all parts of the ventricular walls, whether they be viewed anteriorly, posteriorly, or 
septally, has in part been figured by Senac*, and imperfectly described by EEinf, but 
has not, so far as I am aware, been prominently brought forward by any one. A few 
arrows will illustrate the gradation in direction referred to. 


External layers proceeding from left to right downwards of the spectator (pc^terior aspect). 



Fourth or circular layer occupying a central position in the ventricular walls. 

Internal layers proceeding from right to left upwards of the spectator (posterior aspect). 


Fifth layer. 



C^. ctf. tom. i. and Appendix to tom. ii. 


t Qp, di. p. 591. 
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IV. The fibres composing the external and the internal layers are found at different 
depths from the surface, and from the fact of their pursuing opposite courses cross each 
other, — the fibres of th6 first external and last internal layers crossing with a ^ht 
deviation from the vertical, as in the letter X ; the succeeding external and internal 
layers, until the fourth or central layer, which is transverse, is reached, crossing at 
successively wider angles, as may be represented by an ^ placed horizontally: — 



V. The fibres composing corresponding external and internal layers, such as layers 
one and seven, two and six, &c., are continuous in the left ventricle at the left apex, and 
in the right ventricle in the track for the anterior coronary artery, the fibres of both 
ventricles being for the most part continuous likewise at the base *. 

VI. From this distribution of the fibres, it follows that the first and seventh layers 
embrace in their convolutions those immediately beneath them, while these in turn 
embrace those next in succession, and so on imtil the central layer is reached — an 
arrangement which may in part explain, alike, the rolling movements and ])owerful 
action of the ventricles. 

VII. The fibres of the right and left ventricles anteriorly and septally are to a certain 
extent independent of each other; whereas posteriorly many of them are common to 
both ventricles ; i. e. the fibres pass from the one ventricle to the other, — an ari-ange- 
ment which induced Winslow f to regard the heait as composed of two muscles enve- 
loped in a third. It will be evident from this distribution of the fibres, that while the 
ventricles are for obvious reasons intimately united, they nevertheless admit of being 
readily separated. 

VIII. " If the hinge-like mass of fibres (common fibres) which unite the right ventricle 
to the left posteriorly be cut through, and the right ventricle with its portion of the 
septum detached, the left ventricle will be found to be nearly as complete as it was 
before the separation took place, and to consist of four sets of conical spiral fibres — two 
external and two internal sets. 

On the other hand the right ventricle, and its share of the septum, consists only of 
conical-shaped spiral fragments of fibres, or at most of flattened rings — a circumstance 
which, when taken in connexion with others to be mentioned presently, has induced me 

* The late Dr. Dtjncak, jun., of Edinburgh, was aware of the fibr^ forming loops at the base, but seems to 
have had no knowledge of the continuity being occasioned by the union of the fibim of corresponding external 
and internal iayera, or that these basal loops were prolongations of like loops formed by similar corrmponding 
external and internal layers at the apex — a view which the author believes is here set forth for the first time, 

t Me'moires de FAcademie Eoyale des Sciences, 1711, p. 197. 
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to r^aard the lelt Tentricle as the typical or complete one, the right ventricle being a 
mere ^gment or portion nipped off at some period or other from the left. 

IX. If the right ventricular walls be cut through immediately to the right of the 
track for the anterior and posterior coronary arteries, so as to detach the right ventricle 
without disturbing the septum, and the septum be regarded as forming part of the left 
ventricular wall, it will be found that the fibres from the right side of the septum, at no 
great depth from the surface, together with the external fibres from the left ventricular 
wall generally, enter the left apex in two sets ; and if their course in the interior be traced, 
they are observed to issue from the left auriculo-ventricular opening, also in two sets ; in 
other words, the left ventricle is bilateral. I would particularly direct the attention of 
investigators to this bilateral distribution of the fibres, as it has been hitherto overlooked, 
and furnishes the clue to the arrangement of the fibres of the left ventricle. 

X. The double entrance of the fibres at the left apex, and their exit in two portions 
from the auriculo-ventricular opening at the base, are regulated with almost mathema- 
tic^ precision ; so that while the one set of fibres invariably enters the apex posteriorly, 
and issues from the auriculo-ventricular opening anteriorly, the other set as invariably 
enters the apex anteriorly, and escapes from the auriculo-ventricular opening posteriorly. 
But for this disposition of the fibres, the apex and the base would have been like the 
barrel of a pen cut slantingly or lopsided, instead of bilaterally symmetrical as they are. 

XI. The two sets of fibres which constitute the superficial or first external layer of 
the left ventricle, and which enter the left apex in two separate portions or bundles, are 
for the most part continuous in the interior with the musculi papillares, to the free 
ends of which the chordae tendineae are attached. These columns occupy different 
portions of the left ventricular cavity, and give a very good idea of the symmetry which 
prevails throughout the left ventricular walls. 

Lastly. The apex is opened into and enlarged, and the auriculo-ventricular orifice 
widened, by the removal of consecutive external and internal layers, from the fact of 
the left ventricular cavity tapering in two directions and forming a double cone. 

There are other points worthy of mention, such as the construction of the septum, 
fleshy pons, and conus arteriosus, the varying thickness of the right and left v^tricular 
walls, the shape of the right and left ventricular cavities, &c. To these, however, 
allusion will be more conveniently made subsequently. 

As the structure of the ventricles, with one or two exceptions, is the same in all 
mammals, man included, I have chosen to describe the arrangement of the fibres in the 
ventricles of the sheep and calf, from the readiness with which the hearts of these animals 
may be obtained. My descriptions, however, vriU by no means be confined to them. 

Points to he attended to in the dissection of the left or tyjpical wntricle. The points 
to be kept more particularly in view when dissecting the left ventricle are these : — 

1st. The different angles made by the fibres of the several layers, with an imaginary 
vertical line drawn from base to apex, as they issue from the auriculo-vqntricular open- ' 
ing and enter the apex. ^ 

HBCCCLXIT. 3 P 
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2nd. The varying direction of the fibres on the body of the ventricle, produced by the 
different angles which the fibres of the seveml layers make with the imaginary vertiad 
referred to. 

3rd. The double entrance of the fibres at the apex, and their exit in two sets from 
the left auriculo-ventricular opening. 

4th. The manner in which the apex is opened into, and enlarged, by the removed of 
successive layers. 

5th. The gradual increase in the thickness of the layers when the dissection is con- 
ducted from without inwards. This is in aU probability owing to the more internal or 
deeper layers being the first formed. Thus the seventh or deepest internal layer, which I 
am inclined to think is developed before the sixth, goes on increasing mth 

it ; while the seventh and sixth increase equally with the fifth, which is a later foma- 
tion; and so on until the first, which is the thinnest layer, is reached. That this 
explanation has its foundation in truth, is probable from the fact that, in imitating tbe 
process by which I believe the left ventricle is formed, the seventh or most internal 
layer supplies a basis of support for the more superficial layers— just in the same way 
that the smaller and more central turns of a shell form the basis of support for the 
peripheral or more superficial turns*. 

External layers of the left ventricle of the Mammal. 

^ujyerfidal or first external layer. On looking at the left auriculo-ventricular opening 
of the sheep and calf posteriorly (Plate XII. fig. 1, 5, and Plate XV. fig. 46, when 
the serous membrane, fat, vessels, and nerves have been removed, the fibres are seen to 
issue from it in fascicular bundles, and to curve over its margin all round {(l^f). 

The fibres on leaving the opening lose to a considerable extent their fascicular 
character, and naturally arrange themselves in two sets, — the one set proceeding from 
the anterior pcartion of the opening ((Z), and the anterior half of the septum (e ) ; the other 
from the posterior portion of the opening (/), and the posterior half of the septum {g). 
On the body of the ventricle the fibres spread out to form a smooth muscular sheet, 
both sets pursuing a spiral nearly vertical direction from left to right of the spectator. 
In their course they gradually change their position on the ventricular wall, the fibres 
from the anterior portion of the opening and the anterior half of the septum winding 
round and appearing on the posterior surface, the fibres from the posterior portion of 
the opening and the posterior half of the septum, on the contrary, winding round and 
appearing on the anterior surface. On nearing the apex, which they do in graceful 
curves (Plate XII. frg. 9), the two sets of fibres become more strongly defined, the fibres 
of either set converging and overlapping to a greater or less extent. At the apex 
both sets {fg, e d) curve rapidly round and form a whorl or vortex of great beauty, ^ — ^the 
fibres from the anterior portion of the opening and septum curving into those from 


For a detailed accoimt of this view, see p. 484. 
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the postwar portion of the opening and septum, and entering the apex posteriorly 
{Plate XII. fig. 10, to become continuous with the fibres of the cameae columnee 
and anterior musculus papillaris (Plate XII. fig. 13, ^) ; the fibres from the posterior 
portion of the opening and septum curving into those from the anterior portion of the 
opening and septum, and entering the apex anteriorly (Plate XIL fig. 10, to bpcome 
continuous with the fibres of the camese columnse and posterior musculus papillaris* 
(Plate XIL fig. 13, .r). 

The fibres, therefore, which issue from the auriculo-ventricular orifice anteriorly, enter 
the apex posteriorly, and mce mrsd — an arrangement which is accounted for by the fibres 
of the superficial or first external layer, from the time they leave the base until they 
reach the apex, making one turn and a half of a spiral. As the fibres of the camese 
columnse and musculi papUlares, which constitute the seventh or last internal layer, 
ako make a turn and a halt*, from the time they leave the apex rmtil they reach the base, 
the external and internal fibres always return to points not wide of those from which 
they started. It was, no doubt, this circumstance which induced Lowee, and Gebdy 
to describe the external and internal fibres as forming a more or less perfect figure 
of 8f, these investigators differing as to the completeness of the figure from having, in 
all probability, described different and deeper layers J. The bilateral distribution of 
the fibres, which extends to all the layers, has hitherto escaped obsen^ation, but is 
clearly established by my dissections. Viewed in connexion with the musculi papillares 
and the segments of the bicuspid valve, it is, as I shall endeavour to show, of consider- 
able physiological importance. The object of the two sets of fibres curving into each 
other at the apex is evidently threefold : first, to secure symmetry, structural and 

♦ ‘The fibres of the came® column® and musculi papiUares pursue a spiral nearly vertical direction, from 
right to left upwards, so that they cross the fibres of the superficial or first external layer ; for an explanation 
of the course and direction of the fibres of the first and seventh layers, see A, B, C, D, E of diagrams 3 4, 

Plate XVI. 

t VTisklow altogether, though wrongly, ^^denied the crossing of the external and internpl fibres (Memoires 
de I’Acad. Eoy. 1710, p. 197). 

% Great assistance may be obtained in comprehending the scheme of the arrangement of the fibres, by occa- 
sionally referring to the diagrams contained in Plate XVI. In these diagrams the fibres are represented by lines 
drawn at intervals, the object being to furnish the reader with a transparent ventricle, which will enable him 
to analyze its structure by tracing the fibres composing the several layers throughout their entire extent. Thus 
at A A' of diagram 4, the fibres of the superficial or first external layer are indicated, the fibres of the seventh 
or last internal layer being seen at E E' of diagrams 4 & 0. In diagram 5 the fibres of the second layer are 
represented by the lines marked B B', the fibres of the sixth or corresponding layer being marked D D'. In 
diagram 4 the fibres of the third and fifth layers are marked B and I), and the fibres of the fourth or central 
layer are seen at C of digrams 4 & 6, and at C C' C" of diagram 5, In diagram 3 the lines are drawn at stiB 
wider intervals, and show how the external fibr^ A, B, become internal (D, E) by turning upon themselves at 
the apex C, where they also enter the interior. Diagrams 7 & 10 show how the external fibr^ AB, C D enter 
the apex in two sets at opp^ite points, viz. at E and E, while diagram 11 shows how the internal fibres are 
arranged in two sets (X and Y) in the interims. 

§ The anricnlo-ventricnJiar orifice at the base is also closed by two symmetrical stradnr^, viz. the anterior 
mid posterior s^mente of the bicuspid valve. 
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ftinctional ; second, to obtain for the apex, which is the weak part of the Ta^cnlar 
wall, great strength with comparatively little material*; and third, to procure for the 
fibres constituting the external and internal layers, which envelope all the others, a lati* 
tude and universality of motion which go far to account for the freedom and force with 
which the left ventricle contracts. 

The fibres of the superficial or first external layer arise, as a rule, from the fibrous 
ring surrounding the aorta (Plate XII. %.!,«, and Plate XV. fig. 46, a), and from the 
auriculo-ventricular tendinous ring (Plate XV. fig. 46, n). A few, however, are con- 
tinuous, beneath the auriculo-ventricular tendinous ring, with the fibres of the came® 
columnae f (Plate XV. fig. 47, d). 

The fibres of the superficial or first external layer, with their internal continuations the 
fibres of the seventh or last internal layer, overlap and embrace the fibres of all the other 
layers, viz. those of two, three, four, five, and six, — an arrangement due, not, as was sup- 
posed, to the greater length of the fibres composing the first external and the last internal 
layers, but to the direction and position of the fibres of these layers on the ventricle— the 
fibres of the superficial or first external layer and those of the seventh or last internal one 
pursuing an almost vertical spiral direction on the body and wider portion of the ventricle, 
and appearing longer by twisting rapidly round the apex or narrow part, the fibres of the 
deeper layers pursuing a more oblique spiral direction on the body or wider portion of 
the ventricle, and appearing shorter from not reaching to the apex or narrow portion. 

Second external layer of the left ventricle (Mammal). The fibres of the second 
external layer (Plate XII. fig. 2), like those of the first, advance spirally from left to 
right downwards in two separate sets (/y, d & ^), — the one set proceeding from rather 
more than the anterior half of the septum, and the anterior and inner portion of the 
auriculo-ventricular opening (d); the other from rather less than the posterior half 
of the septum, and the posterior and outer part of the opening (f). At the apex the 
fibres from the anterior portions of the opening and septum go to form the posterior 
half of the apicial orifice (Plate XII. figs. 2 & 11, where they become continuous 
with the anterior fibres of the sixth layer (Plate XII. fig. 6, while those from the 

posterior portions of the opening and septum enter into the formation of the anterior 
half of the apicial orifice (Plate XII. fig. II, /), and become continuous with the posterior 
fibres of the sixth layer (Plate XII. fig. 6, o d). I use the term apicial orifice, because 
the apex is opened into when the two sets of fibres which constitute the first layer 

* Tke apex in the Tentricle of even the horae does not exceed the eighth of an inch in thickn^. This 
deficiency in the thickness of the ventricular wall, which, during the dilatation of the organ and die first stage 
of contraction, ensures great freedom of motion, is prevented from operating injuriously during the latter stage® 
of contraction, by sneh portions of the musculi papiliares as are situated at the apex plaitii^ into eojh oder so 
as entirely to obliterate de apicial cavity. 

t It is a great mistake to imagine that all the fibres of de ventricles arise from the auriculo-v^tricular 
tendinous rings, the fact being that, with the exception of the fibres of the first and sevend layers, they are con- 
tinuous benead dem. Th^e rings are more fully developed anteriorly than posteriorly, and de ring whid 
belong to de left ventricle is strongm’.than that which belongs to de r^ht. 
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(Plate XII ig. 11,/^), are removed. The fibres of the second layer are similarly 
arrai^ed at the apex to those of the first ; i. e, they convei^ slightly and curve upon 
each other prior to doubling upon themselves to alter their direction and enter the 
interior. The fibres of the second layer differ from those of the first in being more 
fascicular, and in issuing from the auriculo-ventricular orifice and entering the » apex 
more obliquely, the effect of which is to render their direction on the body of the 
ventrkde dightly more transverse. They vary also somewhat from the fibres of the first 
layer in not quite extending either to the apex (Plate XII. compare Ic and^ with/^ 
of fig. 11) or the base (Plate XII. compare w" with of fig. 6) — an arrangement 
which, as it also prevails in the deeper layers, satisfactorily accounts for the ventricular 
wan tapering towards the apex and the base respectively, as shown in a vertical section 
(Plate XII. figs. 13 & 14, s). The varying thickness of the ventricular wall towards the 
apex was well known to Geedy*, DtiKCAirf, and PeidJ, and wrongly, as I think, attri- 
buted by them to a supposed difference in the lei^h of the fibres composing the different 
portions of it, rather than to the position and direction of the fibres themselves, which 
appear to me to afford the true explanation. The fibres of the second layer further 
differ from those of the first in their arrangement at the base, most of them being con- 
tinuous in this direction with the fibres of the sixth layer (Plate XII. fig. 6, o n). The 
continuity of the fibres of the second external layer at the base with correspondmg 
internal fibres, is strictly analogous to the continuity of the external fibres with the 
internal ones at the apex — ^the only difference being that at the apex the external fibres, 
in order to become internal, involute or turn in, whereas at the base the internal fibres, 
in order to become external, evolute or turn out. That the same principle which turns 
in the external fibres and secures their continuity with corresponding internal ones at 
the apex, also turns out the internal fibres and renders them continuous with correspond- 
ing external fibres at the base, is probable from the fact, that the borders formed by the 
union of the external with the internal fibres at the base and at the apex are convex, and 
identical as regards structure ; in other words, the fibres composing both borders advance 
spirally, the external fibres winding from above downwards and bending over the circular 
edge, forming the apicial orifice in a direction/rom without inwards (Plate XII. fig. 11, ^ 
and Plate XVI. fig. 55, ef)^ the internal winding from below upwards and bending over 
the convex border surrounding the auriculo-ventricular or basal orifice in a direction 
from within outwards (Plate XII. fig. 7, and fig. 8, o"). The borders which limit the 
ventricle towards the apex and the base when the first layer is removed are consequently 
composed of loops or doublets of fibres (Plate XVL fig. 55, ef, and Plate XV. fig. 47 d). 
Dr. JoHK Keid§, in speaking of the left apex, says, “when the point is removed the 
circular edge is left entire, and is formed of another series of fibres, which, like those 
taken away, advance spirally from the base to the apex, and turning over the edge ascend 
in the opposite direction, continuing their course after being reflected.” The converse 
of these remarks holds true of the fibres at the base, 

* Op, ck. t Itoc. di, p. 591. t P* 


§ Lo&. eit. p. 592. 
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TMrd eadmml lay 0 r of the Irft mdricle {Mammal). The fibres of the third eittemal 
layer (Plate XII. fig. 3) resemble in their more important features the fibres of the 
second layer just described, and advance spirally from the base to the apbx and from 
left to right in two distinct sets (/^, d d^ e). They differ, however, from tho^ of the 
second layer in their position on the ventricle. The set which enters more particulariy 
into the formation of the anterior half of the apicial orifi(^ proceeds from the posterior 
third of the septum, and the posterior half and anterior third of the auriculo-ventricular 
opening ; while that which enters into the formation of the posterior half of the apicial 
orifice (k) proceeds from the remaining anterior part of the auriculo-ventricular opening, 
and the anterior two-thirds of the septum. Arrived at the apex, which is now ^eatly 
widened, they bend or double upon themselves in a direction from without inwards, and 
reverse their course to enter the interior, where they become continuous with the two 
sets of fibres forming the fifth layer (Plate XII. fig. 5, o o\ n n'). The fibres of the third 
layer differ from those of the second in being arranged in smooth fascicular bands, and 
in issuing from the auriculo-ventricular opening and entering the apex very obliquely 
— an arrangement which causes the fibres on the body of the ventricle (fd) to pursue 
an almost transverse direction. They differ also from the fibres of the second layer, in 
not extending quite so far either towards the apex (Plate XIL compare ^ of fig. 3 with 
k of fig. 2) or the base (compare n' of fig. 5 with vi n” of fig. 6), and in being confined 
to more central portions of the ventricle — a circumstance which, as has been already 
explained, accounts for a vertical section of the ventricular waU tapering tow^ards the 
apex and the base. The fibres of the third layer further differ from those of the second 
in exhibiting a less degree of crowding at the apex — ^for the very obvious reason that the 
apicial orifice, on account of the conical shape of the ventricle, becomes larger and larger 
with the removal of each successive layer. 

Fourth or central layer of the left ve^itricle {Mammal). When the three external layers 
have been removed, the fourth or central layer (Plate XII. fig. 4) is exposed. This 
layer may be denominated the circular layer, or layer of transition, from the fact that 
the fibres entering into its formation are circular, and form the boundary between the 
external and internal layers. It differs from the other layers as regards the quality and 
the direction of its fibres, and as regards its position in the ventricular wall — the fibres 
composing it being aggregated into strong fascicular bands, whose course is neither from 
left to right downwards as in the external layers, nor from right to left upwards as in 
the internal ones, but horizontal or transverse. This peculiarity in direction, which 
causes the fibres of the fourth layer {fg^ dd' e) to run at nearly right angles to those 
of the first {j) and seventh layers (Plate XII. fig. 7, o n), is accounted for by the fact 
that in the fourth layer, the fibres of the third layer terminate or double upon them- 
selves, while the fibres of the fifth layer (Plate XII fig. 4, k) begin. In other words, 
the fourth layer, while it belongs neither to the third layer nor the fifth, forms the con- 
necting or transition link to both, as may be seen by a reference to Plate XII. fig. 4, 
where the fibres {d d’ e) are seen to turn directly upon themselves {k). 
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The fibres of the fourth layer, like those of the other layers, are composed of two sets 
4 d* g), the one proceeding from the entire septum and a limited portion of the auriculo- 
ventricular owning on either side of the septum anteriorly and posteriorly, the other 
fern the outer aspect of the auriculo-ventricular opening and its remaining anterior and 
posterior portions. Although the fibres of the fourth or circular layer form the boun- 
dary between the external and internal layers, they do not on this account occupy the 
centre of the ventricular wall, as may be seen on transverse section (Plate XV. fig. 50). 
On the contrary, the circular layer (e) is found considerably nearer the exterior (c) than 
the interior (^^) of the ventricular wall — -an arrangement which was to be expected, since 
tile layers, as was stated, increase in thickness from without inwards. The aggregate 
of the external layers, or those to the outside of the circular layer, is consequently much 
less than the aggregate of the internal ones. The fibres of the fourth layer are from 
their position embraced by the fibres of all the other layers — those of one and seven, 
two and six, and tliree and five. The amount of spiral made by them is rather less than 
one full turn (Plate XII. fig. 4, d d' e). 

Internal layers of tlie left ventricle of the Mammal. 

Fifth layer. When the three external and the fourth or central layer are removed, one 
is immediately struck with the change, or rather complete reversal, in the direction of 
the fibres. Thus the fibres of the fifth layer (Plate XII. fig. 5), which are the internal 
continuations or countei*parts of those forming layer three, instead of proceeding in a 
spiral direction from base to apex and from left to right, proceed in a spiral direction 
from apex to base and from right to left ; the reason of which is obvious when it is 
recollected that the fibres of the fifth layer, when the layers are numbered from without 
inwards, form the first of the internal layers — i. e. of those layers found to the inside of 
the central layer, where, as has been explained, the order in the arrangement of the 
fibres is reversed. 

The fibres of the fifth layer, like the other layers described, consist of two sets (o, n) ; 
they, however, pursue a very obUque course, and in this respect resemble the fibres of 
the third layer, wdiich they cross at a very obtuse angle. They moreover fold or double 
upon themselves in an outward direction at the base (Plate XII. compare n’ with n’' 
of fig. 6 *), and in so doing alter their direction (?i"), and become continuous with the 
two sets of fibres forming the third external layer (Plate XII. fig. 3,/'^, de). The 
fibres of the fifth layer are also continuous with the two sets of fibres forming the third 
layer at the apex (Plate XIT. fig. 3, k). The amount of spiral made by them from the 
time they leave the apex until they reach the base, rather exceeds one full turn (Plate 
XII. fig, 5, 0 o\ n n' fi'). The fibres of the third and fifth layers embrace or overlap the 
fibres of the fourth or central layer, they themselves being embraced by the fibres of 
the first and seventh and the second and sixth layers. 

Sixth layer of tlw left vmtricle {Mammal). The fibres of the sixth layer (Plate XII. 

* In tkis %ure the iatemal fibi^ (»') are twisting or bending over m an outward direction to become 
coatmuous with the external fibr^ (n"). 
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%- 6) are the internal continnations of the twofold set of fibres forming the second 
external layer. They wind in two portions (o, ), in a spiral slightly Tertical direction 

from right to left upwards, or from apex to base, so that they cross the fibres of the 
second layer at a somewhat acute angle. At the > base they fold upon themselves in 
an outward direction, and form flattened bands (n! n"), which ba;ome continuous witii 
corresponding bands belonging to the second layer (Plate XII. fig. 2, fg^ dd! e}, The 
amount of spiral made by the fibres of the sixth layer from the time they leave the 
apex until they reach the base, is rather under a turn and a half. Taken together, the 
fibres of the second and sixth layers embrace in their convolutions the fibres of the 
third, fourth, and fifth layers, they themselves being overlapped by the fibres of the 
first and seventh layers. 

Seventh or last internal layer of the left ventricle {MammaV). The fibres of the 
seventh or last internal layer (Plate XII. figs. 7 & 8), as was stated when describing 
the first or superficial layer, form the cameae columnae and musculi papillares, especially 
the latter. When the two sets of fibres which constitute the superficial or first external 
layer are traced from above downwards, the anterior set, as was explained, is found to 
enter the apex posteriorly (Plate XII. fig. 10, d), to become continuous with the fibres 
of the anterior musculm papillaris (Plate XII. figs. 12 & 13,y) and those of the cameae 
columnae next to it — the posterior set entering the apex anteriorly (Plate XII. fig. 10, y), 
and becoming continuous with the fibres of the posterior rmsmlus papillaris (Plate XII. 
figs. 12 & 13, x) and the adjoining cameae columnae. The musculi papiUares and 
cameae columnae therefore occupy a variable position in the interior of the ventricle, — 
the anterior musculus papillaris winding in a spiral almost vertical direction from below 
upwards, and from right to left, from the interior of the apex posteriorly to occupy an 
anterior position ; the posterior musculus papillaris winding in a corresponding direction 
horn the interior of the apex anteriorly, and curving round to occvpy a posterior position. 
The musculi papillares, as vdll be seen from this description, ar-e not the simply vertical 
columns usually represented (Plate XII. fig. 14, x,y\ but vertical spiral columns (Plate 
XII. fig, 13, X, y). The musculi papillares are seen to advantage in the ventricle of 
the giraffe, camel, lion, horse, ox, ass, deer, seal, and dog. They occur in various stages 
of development*. 

Most commonly they appear as conical-shaped spiral bodies, which project into the 
ventricular cavity and extend, in moderate-sized hearts, from the extreme apex to within 
half an inch or so of the base. At the apex, where they may be said to originate, and 
where they project least into the cavity, their spiral nature is very distinctf. 

Towards the base, where their spiral direction is less marked, and where they project 
most into the ventricular cavity, they termii^e in free blunted exti emities, which are 
obliquely cut from below upwards, and from within outwards. As the chordae tendineae 
connect the blunted extremities in question with the segments of the bicuspid valve, 

* In ilie American elk (Plate XT. fig, 48, y) they are so rudimentary as scarcely to attract attention. 

t To see the spiral course pursued by the musculi papillares, the ventricle should be opened anteriorly, the 
incision being carried not quite to the apex, as represented at Plate XIT. fig. 13, so y. 
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and Oiroagli them with the aimculo-Tentricular tendinous ring, the musculi papillares 
may be smd to be continuous at the apex and the base respectively. On some occa- 
rions the musculi papillares spring from the interior of the apex in two fascicular 
bundles, the fibres of each bundle radiating and rapidly increasing in number as the 
apex is receded from ; in others they spring from several smaller fasciculi, the fibres of 
the fasciculi being arranged in two sets and remaining more or less distinct, so that each 
musculus papillaris has a bifid appearance (Plate Xn. fig. 15, The musculi 

papillares are principally of use in regulating the spiral action of the bicuspid valve, 
which they do through the instrumentality of the chordae tendineae. They are also 
useftil, from projecting into the ventricular cavity, in reducing the blood to a state of 
quiescence during the diastole. During the systole they act as spiral lavers, and scoop 
the blood out of the interior of the ventricle by communicating to it a gliding spiral 
movement 

Situated between the musculi papillares, and, in fact, occupying the spiral interspaces 
or hollows occasioned by their projecting into the ventricular cavity, are the camem 
columnae. The cameae columnae, like the musculi papillares, proceed in a spiral nearly 
vertical direction from right to left upwards. They are more developed in some 
instances than in others. In the camel, red deer, and American elk they may be said 
to be altogether wanting (Plate XV. fig. 48). In the lion, ^leopard, horse, ox, and 
ass they are more or less rudimentary ; while in the mysticetus, armadillo, giraffe, and 
sheep they attain a size which almost entitles them to rank with the musculi papillares 
themselves. In the human heart (Plate XII. fig. 15, z) the camese columnae consist of 
irregularly shaped, rounded muscular bands, arranged so as to form an intricate network 
— some of the bands being attached at both extremities, others throughout their entire 
extent. A portion of the fibres of the cameae columnsB are continuous with the fibres 
of the external layer at the base ; others derive attachment from the fibrous ring sur- 
rounding the aorta, and from the auriculo-ventricular tendinous ring. Running between 
the camese columnae and the muscub papillares are a series of delicate fibrous stays 
(Plate XII. figs. 13 &; 14, r, and Plate XV. figs. 47 & 48, r), which hang loosely in the 
ventricular cavity. They vary in thickness with the size of the heart, and probably 
assist in coordinating the movements of the structures between which they are found. 
The spiral interspaces or hollows occupied by the cameae columnae, to which a passing 
allusion has been made, are two in number, a larger and a smaller. Tbey both extend 
from the extreme apex to the extreme base. The larger gi’oove or interspace proceeds 
from the outward or lateral aspect of the apex, and winds in an upward and inward 
or septal direction, until it reaches the apex of the inner segment of the Ucuspid vahe, 
where it bifurcates — the one portion convicting to the aortic orifice, with which it com- 
mnmcates, the other to the base of the segment, where it terminates. The smaller 
groove or interspace proceeds from the septal side of the apex, and winds in an upward 
and outward or lateral direction, until it reaches the hose of the outer segment of the 
hicu^id valve, where it likewise terminates. 

MDCCCLXIV. 3 Q 
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These grooves are important physiologically; -for I find that in them the blood is 
arrange in spiral columns during the diastole, and that towards the end of tiie diastole 
and the beginning of the systole, it is made to advamce in spiral waves from bmieath on 
the segments of the bicuspid valve, and communicates to these structures a distinctly 
spiral upward movement, the amount of upward motion being regulated by the chord® 
tending to prevent retroversion and regurgitation. As the systole advant^ mid ihe 
mu^uli papillares contract with the other portions of the ventricular wall, the seg- 
ments of the valve are gradually drawn down by the chord® tendine® in an opposite 
direction to that by which they ascended and tightened upon the rapidly diminishing 
columns of blood, so that they form a spiral dependent cone, who^ apex is directed 
towards the apex of the ventricle 

Cast of the interiof of the left ‘orntricle {Mammal). 

That the fibres of the seventh layer have a spiral direction and enclose a conical- 
shaped spiral cavity, may be readily ascertained by a reference to Plate XII. %. 17, 
which is taken from a photograph of a wax cast of the interior of the left ventricle of 
the deer. On carefully examining the engraving in question, the cavity will be found 
to taper and twist towards the apex (z), and also, though to a less extent, towards the 
base (h). The diminutiqn of the cavity towards the base is so slight that it might be 
overlooked, were it not that it renders the auriculo- ventricular orifice more easily closed 
than it would otherwise be. 

Transverse sections of the left ventricle {Mammal), 

The amoimt of spiral made by a cast of the left ventricular cavity, as ascertained by 
transverse sections, rather exceeds a turn and a half. This is proved by dividing the 
ventricle transversely into six unequal portions, by placing the sections in exactly the 
same positions, and by comparing the long axes of such portions of the cavity as are 
found in the sections with each other, and with the long axis of the cavity of the right 
ventricle. It is necessary to make the sections unequal, as the spiral formed by the 
(^vity is much more rapid towards the apex than the base — the success of this demon- 
stration depending on making the section in such positions as will intersect the spiral 
at every half turn of its progress. I have given views of five of the sections alluded to ; 
and it will be observed that in the first two sections towards the base (Plate XV. 
figs. 49 & 50), the long axis of the cavity {h) of the left ventricle is at right angles to 
the long axis of the cavity of the right ventricle (1). In the third section (Plate XV. 
fig. 51), the long axis of the cavity (5) of the left ventricle is parallel with the long axis 
of the cavity of the right ventricle (1), showing that the left ventricular cavity has made 
half a spiral turn. In the fourth section (Plate XV. fig. 52), the long axis of the lefr 

* For a detailed account of the action of the mitral and tricuspid valves, see paper by the author " On the 
Eelations, Structure, and Function of the Valves of tiie Vsacuiar System in Vertebrata,” Transactiom of the 
Eoyal Society of Edinburgh, vol. xxiii. p. 761, 
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Tenteicmlar cavity (b) is again at right angles to riie long axis of the carity of the 
ri^t Tentricle, making it evident that the cavity of the left ventricle has made a full 
spiral turn ; and in the fifth section (Plate XV. fig. 53) the long axis of the left ven- 
tricular cavity is again parallel with the long axis of the cavity of the right ven|ricle, 
showh^ that the left ventricular cavity has made an additional half turn. If another 
action had been made at the extreme apex, probably an eighth of a turn more would 
have been obtained, as the spiral in this direction is very rapid. The object of the carity 
twisting suddenly upon itself at the apex is obviously to protect the ventricular wall, 
where thinnest, from undue pressure ; for it is plain that a fluid injected into a conical- 
shaped spiral and therefore tortuous cavity vrill not be transmitted to the apex with the 
same degree of force as it would if the cavity were not spiral. 

Vertical section of the left ventricular wall (Mammal). 

On making a vertical section of the left ventricle between the musculi papillares 
(Plate XII. figs. 13 & 14), the ventricular wall (s), like the ventricular cavity, is observed 
to form a double cone, the apices of which point towards the apex and base of the ven- 
tricle respectively, the bases, which are united in the upper portion of the middle third, 
corresponding with the thickest part of the ventricular wall. The varying degree of 
thickness in the ventricular wall is traceable to the fact, that the outermost and inner- 
most layers extend further towards the apex and base than those which come next, and 
these, again, further than those which succeed them, and so on until the central layer is 
reached — this being of least extent, and confined indeed to about the middle third of 
the ventricle. Thus into the apicial portion of the ventricular wall, where thinnest, only 
one layer enters, viz. the supeiiicial or first external*. Into a second portion, a little 
above the apex, t'wo layers enter, the first and the seventh ; into a third or higher portion 
four, viz. the first and the seventh, the second and the sixth ; w^hile into a fourth, or still 
higher portion, which corresponds with the upper part of the middle third, the whole 
seven layers enter. Tracing the thickness of the ventricular wall in an opposite direc- 
tion, *. €. from the base towards the upper part of the middle third, the same changes 
present themselves, although in a less marked degree. Thus the extreme base consists 
of two layers, the continuations in fact of those forming the second part of the apex ; 
the second portion of four, the third of six, and so on — ^an arrangement which accounts 
for the ventricular wall being thicker towards the base than towards the apexf. 

Becapitulation of facts cmnected with the left ventricle (Mammal). Before leaving 
the left ventricle, it may be well to recapitulate briefly the points more particularly 
dwelt upon. They are the following : — 

♦ TMs portion of the Tentriciiiar wall is formed by the external fibres turning round in a circular direction, 
to alter their direction and become continuous with the internal, the external and internal fibres, in virtue of 
their spiral direction, not crossing each other until remored an appreciable distance horn the apex. 

t The septum also tapers in two directions, more particularly when, as in the present demonstration, it is 
r^farded as forming part of the left ventricle. 

aQ2 
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1st. It has been shown that the walls of the left ventricle, when the i^pttaa is 
inclnded, are composed of four systems of spiral fibres, two external and two intemal ; 
the external systems Tunning from left to right downwards from ba^ to apex; the 
intemal systems from right to left upwards from apex to base. 

2ndly. That these spiral fibres are arranged in layers or strata, which incr^se in 
thickne^ from without inwards, and that the fibres composing them have each a differ- 
ent course, whereby they change their direction from the nearly vertical to the hori- 
zontal, and from the horizontal back again to the nearly vertical. 

Brdly. That the fibres composing the strata alluded to are as nearly as may be of the 
same length, and enter the apex and issue from the auriculo-ventricular orifice at the 
base in tw^o distinct parcels or bundles. 

4thly. That the tw'o sets of fibres forming the external layers are continuous at 
the apex and at the base with the two sets of fibres forming the intemal layers, and 
give rise to twisted continuous loops, pointing to the apex and base respectively; 
the more superficial loops embracing in their convolutions the deeper or more centmi 
ones. 

5thly. That the apex is opened into, and the apicial and basal orifices (on account 
of the double cone formed by the ventricular cavity) widened, by the removal of such 
strata as are found to the outside of the central stratum. 

Gtbly. That the ventricular wall, like the ventricular cavity, tapers towards the apex 
and the base, the tapering towards the apex being very considerable, that towards the 
base being less appreciable. 

7thly, and lastly. That the septum is of nearly the same thickness as the left ventri- 
cular wall, and must be dissected pari passu with it, if the left ventricle is to be con- 
sidered complete in itself. 

The right and left ventricles^ s^tum, &c, considered relatively (Mamynal), 

By far the simplest way to regard the right ventricle is, to consider it as a segment 
of the left one — a view w'hich is favoured both by the actual structure, and all that is 
at present known of the foetal development of the organ. In works on embryology 
it is stated that at first the heart consists of a mass of nucleated cells ; that by and by 
it assumes the form of an elongated sac or dilated tube ; that about the fourth week a 
septum begins to arise up internally^ which proceeds from the right mde of the apew and 
anterior wall of the cavity, in the direction of the base, where the arterial bulb leads off; 
and that about the eighth week this interventricular septum is complete. It is fiirther 
stated that the walls of the ventricles are, comparatively speaking, very thick, the thick- 
mss of both being about the same ; but that on approaching the full period the left 
begins to be the thicker of the two — a change which was a primi to be expected, seeing 
that after birth the left ventricle has to perform nearly twice as much labour as the 
right. 

Beginning therefore with the left or typical ventricle constmcted as described, it 
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appears to me that in order to produce the right ventricle, and explain the relation 
existing between the right and left ventricles anteriorly, posteriorly, and septally, all 
that is necessary is to push in the anterior wall (Plate XVI, diag. 15, a) in an antero- 
posterior direction until it touches the posterior one (B), in imitation of the constructive 
process. As however, in pushing in the anterior wall until it touches the posterior one 
a double septum is produced which is unattached posteriorly, it is necessary, to complete 
tlie structure, to suppose the fibres forming the posterior border of the septal dupUca- 
ture as coalescing with corresponding fibres of the posterior wall, until the central layer is 
reached (Plate XVI. diag. 17, K) ; whilst the fibres of the two halves of the duplicature 
itself pass through and are blended with each other to the same extent (E J). If the 
constructive process be so imitated, it will be seen that not only are two ventricles (C, D) 
produced, each of which has fibres peculiar to itself (I H, F E), but, what is remark- 
able, that these ventricles are united to each other posteriorly (K) and septally (E J) by 
a series of fibres, which are common to both, i, e. fibres which belong partly to the one 
ventricle and partly to the other, precisely as in the ventricles themselves. The fibres 
moreover of the left or principal ventricle form four systems of conical spirals, two 
external and two internal — the former winding from above downwards from left to 
right, to twist rapidly round in a whorl at the apex, where they are continuous with the 
two internal systems ♦, winding in an opposite direction, from below upwards and from 
right to left. 

The fibres of the right ventricle, on the other hand, form only segments of spirals — 
they being continuous with each other not at one point as in the left ventricle, but 
throughout the track for the anterior coronary artery (A). That the foregoing arrange- 
ment approaches very closely to, if it is not identical with, that occurring in the 
ventricles of the adult heart, may be ascertained in various ways. 

1st. When the right and left ventricles (Plate XIII. figs. 18, 21, & 24) are dissected 
from without inwards, the layers constituting the right ventricular wall (/'/”) gradually 
increase in thickness, and pass through the several changes in direction met with in the 
layers of the left ventricular waU [d d'), clearly showing that the right and left ventricles 
are constructed on the same type. As, however, the left ventricle, as will be shown 
presently, is the more complete of the two, it is more natural to suppose that the right 
ventricle is a segment of the left one, than the reverse. 

2ndly. When both ventricles are dissected at the same time, the fibres forming the 
external layers posteriorly (Plate XIII- fig. 21) are for the most part common alike to 
the one ventricle and the other f; in other ’words, the fibres on the back part of the left 
ventricle (f) cross over the posterior coronary track (J), and pass on to the right 

* The external and internal systems, as has been explained, are rendered continuous at the base by bending 
over nntil tbey meet eacb other. Similar remarks apply to the fibres at the base of the right ventricle. 

t The fibres forming the left apex are peculiar to itself, and belong exclusively to the left ventricle. This 
distribution of the fibres is accounted for by the fold which I believe forms the right ventricle beginning fully 
ImJf an inch above the apex in question. 
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ventricle (ff”); whereas in front, with the exception of a large cross band at the base 
(Plate XIII. fig. 20, »), which is evidently for the purpose of binding the ventricles 
more securely together anteriorly, the fibres of the right and of the left ventricle 
respectively dip in (Plate XIII. fig. 2S, r) at the anterior coronary track { 00 % as if 
altogether independent of each other. 

Srdly. When the fibres on the anterior aspect which belong to one or other of the 
ventricles are traced into the septum, and the ventricles forcibly separated (Plate XIV. 
%. 4b) in a line corresponding with the course w hich the fibres peculiar to each ven- 
tricle naturally take, the right ventricle (A;) claims, as its share of the partition alluded 
to, rather less than one-third of its entire breadth (/), the remaining two-thirds (n) 
going to the left ventricle (m). Why the right ventricle should claim less than a third 
of the septum is difficult to explain, unless it be that this portion of the septum, belong- 
ing as it does more particularly to the right ventricle, represents the right half of the 
septal fold atrophied to half its original dimensions (Plate XVI. diag. 16, K), in common 
with the other portions of the right ventricular wall (F)*. The right ventricular wall 
after birth, it wiU be remembered, is only half the thickness of the left (Plate XV. 
compare with cd o£ fig. 51). This view seems probable from the fact, that the sep- 
tum in some places (Plate XV. %. 50, dd'} is nearly a third thicker than the left ven- 
tricular wall (c d) between the papillary muscles (a:, y ) — an excess in breadth which very 
nearly corresponds with what would be obtained when allowance is made for the right 
and left halves of the septal dupHcature passing through each other, until the central 
layer in either is reached, and for the atrophy of the right half of the septal fold as 
suggested. 

4thly. When the cut ends of the common fibres found on the left ventricle, i, e. those 
to the outside of the central layer (Plate XIII. fig. 25,/), are applied to the fibres form- 
ing the two-thirds of the septum (y) which belong to this ventricle, they are ascertained 
to agree iu direction, and would, if united, give rise to four complete systems of conical 
spirals (two external and two internal), these conical spiral fibres being continuous with 
each other at the apex and also at the base ; whereas the fibres of the right vmtricle 
and its share of the septum, treated in the same way, although likewise continuous at 
the base and in the track for the anterior coronary artery, consist merely of spiral fig- 
ments (Plate XIV. fig. Sd,fg.dd}, and represent only a part of a more complete system 

* In Elis explanation I have supposed that the right ventricle and the right half of the septid fold have 
become atrophied to half their original bulk, in accordance with the law that structure and function are related 
to each other as cause and effect — the efforts required for maintaining the puhnonic circulation being probably 
about half those required for the maintenance of the sptemic. The converse, however, of this explanation is 
equaEy true, and mig^t he adopted with the same reKilt as far as the comparative thickness of the ventiicles 
is eoneemed. Thus, instead of supposing that the right ventricle and its half of the septal dupUcature becomes 
atrophied, it might he ^sumed, in accordance with the same law, that the left ventricle and its hedf of the 
septal dupUcature becomes hypertirophied to twice its original dimensions, the right ventricle and ite share of 
the septum remaining stationary. 
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— ® portion nipped off as it were from the perfect cone. (Compare with cdd^ of 
fig. §0, Plate XV., and EF with H I of diag. 17, Plate XVI.) 

5thly. When msts of the interior of the ventricles are taken, the left ventricular 
mvity (Plate XIL fig. 17), in accordance with the more perfect arrangemeiit of the 
fibres forming the left ventricle, supplies a highly symmetrical double conical screw, the 
right ventricular (mvity (Plate XII. fig. 16), although it has the same twist, furnishing 
only an incomplete portion. 

6thly. When the so-called common fibres posteriorly (Plate XIII. fig. 21, ff) are dis- 
sected, layer after layer, synchronously with the independent anterior fibres (Plate XIII. 
fig, 23, p q), both sets are seen to pass through the same changes in direction ; in other 
words, they proceed from left to right downwards, gradually he(X)mmg more and more 
oblique as the central or transverse layer is reached. 

7thly, and lastly. W^hen the fibres of the septum (Plate XIII. figs. 19, 22, Sc 25, g e) 
are dissected, layer after layer, with the other portions of the ventricular walls (Plate 
XIII. figs. 18, 21, & 2i,ff), they are observed to pass through the same changes in 
direction ; e. they pursue a spiral course from left to right downwards, becomii^ more 
and more oblique as the central layer (Plate XIIL fig. 28, /y, de) \b reached, after 
which they reverse their course and become more and more vertical in an inverse order. 
They consist moreover of three kinds : first, such as, properly speaking, belong to the 
right ventricle (Plate XV. fig. 45, 1 ) ; secondly, such as belong more particularly to the 
left ventricle (n) ; and thirdly, such as belong partly to the one ventricle and partly to 
the other (Plate XV, fig. 50, ^). Thus, in dissecting the septum from the right side, 
the fibres first met with belong almost exclusively to the right ventricle. These fibres, 
if traced from below upwards like the other internal fibres of the right ventricle, proceed 
from right to left. Traced from above downwards, their direction is just the reverse, or 
from left to right ; and it is important to note this circumstance, as the internal fibres 
of the right ventricle become mixed up on the septum, at no great depth from its sur- 
face, with fibres belonging exclusively to the left ventricle*, the direction of which is 
also from left to right downwards. There is therefore a portion of the septum in 
which the internal fibres of the right ventricle are mingled with the external fibres of 
the left, and where the two sets pass through each other as the fingers of the one hand 
might be passed between those of the other. The fibres found stiU deeper, and which 
in fact constitute the left two-thirds of the septum, belong exclusively to the left 
ventricle. These points may be readily established by dissection. 

External layers of the right and left ventricles (Mammal), 

Superficial or first ewt&nml layer. If the ventricles are dissected together (Plate XIII. 
figs. 18 & 20), the fibres of the superficial or first external layer posteriorly (Plate XIII. 


* The of th^e fibres in tike ri^ht third of the septum iodueed me, when describing the left 

ventride, to r^ard the septum as fiaming a part of its walls. 
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%. 18) run in a spiral almost verti(^ direction* from left to right downwards, some of 
them proceeding to the left apex (<?"), others to the right ventricle (f ) ; and if an inc^ 
sion he made through the right ventricular wall (Plate XIIL fig. 19), a little to the 
right of the posterior coronary track, and the breach dilated to expose the septum and 
the interior of the right ventricle, it will be seen that the fibres on the right side of the 
septum (^) follow a similar course. On the anterior aspect of the ventricles (Plate XIII. 
fig. 20) the fibres also pursue a spiral nearly vertical direction from left to right down* 
wardsf; -bnt there is a great difference between them and the fibres on the posterior 
aspect. 

On the posterior of the ventricles (Plate XIII. fig. 18) the fibres from the left 
anriculo-ventricular opening and the left ventricle generally (df) cross the track for 
the posterior coronary artery {j)^ and are found also on the right ventricle (/'Z'^); 
hence the epithet common fibres ; whereas on the anterior of the ventricles (Plate XIII. 
fig. 20) the fibres, with the exception of the cross band at the base already referred 
to (w), dip in at the anterior coronary track (o), to appear on the right third of the 
septum (Plate XIII. fig. 19, where they are continuous with fibres having a corre- 
sponding direction. The fibres occurring on the right side of the septum (Plate XIII. 
fig. 19,^, ^), as well as those lining the interior of the right ventricle generally, are, 
for anything I can discover to the contrary, segmental portions lopped off or isolated 
by the primary notch or reduplication (Plate XVL diag. 15, a; Plate XV. compare kl 
with mnoi fig. 45) from the spiral nearly vertical fibres originally lining the interior of 
the left or typical ventricle. If this explanation be adopted, the great structural resem- 
blance presented by the internal fibres of the right and left ventricles respectively is at 
once accounted for. 

Septum Yentrimlorwm composed of two elements {Mammal), That two elements enter 
into the composition of the septum is probable for the following reasons : — 

1st. If the right ventricle be detached a little to the right of the tracks for the ante- 
rior and posterior coronary arteries, and the septum dissected from the right side (Plate 
XII. figs. 1, 2, 3, & 4), many of the fibres {g e) at no great depth from the surface proceed 
without breach of continuity to the anterior wall (Plate XII. fig. 10, f) and apex (g) of 
the left ventricle, thus showing that they belong exclusively to the left ventricle ,* whereas 
a certain number of them, as has been stated, are ascertained to be continuous with the 
fibres on the outside of the right ventricular wall (Plate XIII. fig. 21, //"), proving 
them to belong more particularly to the right ventricle. 

* The superficial fibr^ from the right and left ventricles converge in the track for the pc^terior eoroaaiy 
artery in a manner resembling the letter Y (ff'j ) — an arrangement which is confined to the upper or basal 
tliird of the first layer. Ultimately these fibres curve round to enter the left apex anteriorly. 

t In the superficial layers of the right ventricle anteriorly, the fibres at the root of the pulmonary artery 
interweave to a considerable extent, and are matted together. As a simiiar arrangement existe in the snper- 
ficial layers of the left ventricle at the root of the aorta, it is just possible that tke ve^ls are thereby 
supplied with more secure pointe of attachment. 
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Sadly. "Hie fibres of tbe right side of the septiua, especially the right third of it, are 
densely matted together, and separate with greater difficulty than the fibres of the other 
portions of the septum and ventricular waU generally. 

Srdly. The exact width of the septum (Plate XV. fig. 50, o' d'), as compared mth the 
left ventricular waU (c d) between the musculi papHlares (ar, ^), is in some parts nearly 
one-third greater — ^this increase in bulk affording a redundancy of material, which was 
to be anticipated, since the two halves of the septal fold (Plate XVI. diagram 16, H K) 
are supposed to have passed partially through, and become blended with each other 
(Plate XVI. diagram 17, E J). 

4thly. Such of the fibres as are found near the centre of the right third of the septum 
cross each other slightly towards the base, and give rise to a curious Y-shaped arrange- 
ment at a point corresponding to the crossing which would be produced by the redupli- 
cation. 

There are other argumehts in favour of the septum being formed of two elements by 
a septal reduplication. 

When, for example, the common fibres are dissected posteriorly, more or less inter- 
ruption is experienced in their separation (particularly in the deeper layers) in a hne 
corresponding with the track of the posterior coronary artery (Plate XV. fig. 54, c </), 
where the fibres of the border of the reduplication (Plate XVI. diagram 16, G) are 
believed to have united with the fibres of the posterior wall (B), 

The external fibres of the right ventriculai* wall moreover (Plate XIII. fig. 20, d'f^ 
and fig. 23, j? g) enter the track for the anterior coronary artery (o) throughout its entire 
extent, for the purpose of appearing on the septum (Plate XIII. figs. 19 &: 22, g), the 
track referred to corresponding with the mt which would be produced by the junction 
of the two halves of the septal duplicature (Plate XVI. diagram 16, A), 

Lastly, the external fibres of the right ventricular wall enter the interior by simply 
bending or folding upon themselves (Plate XIV. figs. 34 & 35, d e, fg^ and Plate XV. 
fig. 45, 0, 1 ) — an arrangement which presupposes a corresponding reduplication or 

folding in of the anterior wall at some period or other, and one which is altogether 
different from the arrangement of the external fibres of the left ventricle at the apex, 
where the fibres enter the interior in two dirisions in a regular whorl (Plate XII. fig. 10, 
g, d, and Plate XVI, fig. 55, e,/). 

Camem columnm and musculi papillares of the right ventricle {Mammal). The camese 
colunmse of the right ventricle (Plate XIV. figs. 43 & 44) are in general better marked, 
and the musculi papiUares more numerous than in the left — a modification traceable 
partly to the shape of the right ventricular cavity (Plate XV. fig. 49, /), and partly to 
the greater number of fixed points required for the attachments of the chordae tendineae 
distributed to the tricuspid valve. 

In the right ventricle, as in the left, the cameae columnae pursue a spiral nearly vertical 
direction from right to left upwards, and are subject to great variation as regards size, 
number, and general appearance. The musculi papiilares in this ventricle, although 
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usually ccHosistii^ of two as ia tlie left (Plate XIV. fig. 48, p y ), are aot liiaited 

to this aumber. In the camel and American elk the carneee colamage are altogether 
wanting, the masculi papillares (two ia aumber) being alone pre^ni la the heart of 
the armadillo and red deer the came® colunm® are feebly developed, the masculi jmpil- 
lares being generally three in number and small. In the heart of the sheep the camw 
column® are more fully developed than in the preceding, the mu^uli papillary being 
sometimes two in number, and sometimes three (Plate XIII. fig. 19, h). In the h^rt 
of the pig, leopard, and calf (Plate XIV. fig. 43) the came® column® are stiU more 
strongly developed, and appear in the form of thick muscular spiral ridges (o), which 
slightly intersect each other and cro^ the floor of the ventricle (r^), the musculi papil- 
lares being sometimes two (h h'), sometimes three, and sometimes four in number. In 
the porpoise, dugong, mysticetus, and human heart (Plate XIV. fig. 44) the came® 
column® are more or less reticulated, particularly in the two latter, the musculi papil- 
lares varying from two to four {hl^WW'). This increase in the number of papilkry 
muscles in the right ventricle, which might at first sight seem to interfere with the 
bilateral distribution of the fibres in the primary or typical ventricle, is accounted for 
by the fact that in the right ventricle the muscular fasciculi, from which the papillary 
muscles spring, do not always coalesce as in the left ventricle, but remain permanently 
apart. The musculi papillares of the right ventricle are less distinctly spiral than those 
of the left, and are somewhat flattened to suit the concavo-convex shape of the right 
ventricular cavity. They occupy the septal wail posteriorly {h” h!'% and the right 
ventricular wall anteriorly (h h'). In the right ventricle, as in the left, many of the 
fibres of the came® column® (Plate XIV. fig. 43, o') are continuous at the base with 
corresponding external fibres (dlf), such of them as are not continuous, together with 
the musculi papillares, being rendered so by the intervention of the right auricido- 
ventricular tendinous ring (Plate XIV. fig. 43, and Plate XV. fig. 46, n% the chord® 
tendine®, and the segments of the tricuspid valve (Plate XIV. %. 44, i'). 

Muscular valve of the right ventricle of the Urd, how formed? 

Distinction founded thereupon. In the right ventricle of the bird, where the tricuspid 
valve of the mammal* is supplied by a fleshy one, the continuity of the external with 
the internal fibres at the base is complete. This valve, as has been stated, forms the 
distinguishing characteristic between the ventricles of the bird and mammal, and differs 
essentially in its stmcture from all the other valves of the heart. 

It consists of a solitary fold of muscular substance (Plate XIV. figs. 38, 40, & 41, *), 
which extends from the edge and upper third of the septum posteriorly (Plate XTV. 

* The tricuspid vah?©, as its name implies, consists of three leaves or segments. As, however, the anterior 
segment, or that nearest ttie pulmonary artery, is larger than the posterior and internal segmente, &om which 
it is divided by a deeper notch than divides the posterior and internal segments from each other, some investi- 
gators regard the valve as consisting of two portions only ; and I am mclined to assent to this view, jfiom the 
bilateral nature of the left ventricle, and frojoi my conviction that the right ventricle and every Urlng pertaining 
to it is a segment of the left. 
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fig. 9 ) ^ tfi® fleshy ^iis aatmorly (e). The fold opens towards the interior of the 
Tentflcle (Jhate XIY. fig. 40, i), in a direction from above downwards (Plate XIV. 
fig. 41, t), and is deepest at the edge of the septum posteriorly (Plate XIV. figs. 39 & 40, g). 
As it graduaHy narrows anteriorly (e), it is somewhat triangular in shape, its dependent 
and free maifgin [g) de^bing a spiral which winds from behind forwards, and from 
below upwards. The valve, from its substance and structure, may be appropriately 
turned the musculo-spiral valve, and is seen to advantage in the right ventricle of the 
emu (Plate XIV. fig. 41), mm (Plate XIV. figs, 38 & 39), turkey (Plate XIV. fig. 40), 
cap^^ailzie, and eagle. It is composed of fibres from all parts of the floor and lower 
third of the right ventricle interiorly (Plate XIV. fig. 40, ji*), and from the upper third 
of the left ventricle and septum posteriorly (Plate XIV. %s. 39 & 40, g). The fibres 
from the lower third of the right ventricle interiorly, are spread over a large surface, 
and pursue a more or less vertical and slightly spiral direction. They gradually detach 
themselves in two portions (Plate XIV. fig. 40, h,j) from the right ventricular wall, and 
converge towards the centre of its middle third, where they form a flattened spindle- 
shaped muscular band (Plate XIV. fig. 40, h). Arrived at this point and continuing 
their spiral course, they diverge or spread out to assist in forming the inner and free 
leaf (i g) of the muscular fold (Plate XIV. figs. 39, 40, & 41, g ) — one portion bending 
over in graceful spiral curves (Plate XIV. fig. 40, i) in a direction from within outwards 
and from below upwards, to become continuous with the superficial or external fibres at 
the base, a second portion bending over in like manner (^') to become continuous with 
certain fibres from the upper third of the second layer of the septum and left ventricle 
posteriorly, a third portion {^") pursuing a similar course to unite with the fibres from 
the upper third of the third layer of the septum and from the left ventricle. If that 
surface of the dependent or free leaf of the valve which is directed towards the right 
ventricular wall be examined, a fourth portion (g) is found to be continuous with the 
fibres of the upper third of the fourth or transverse layer. The muscular valve of the 
bird may therefore be said to be composed of the fibres entering into the formation of 
the several layers of the right ventricular wall, (the ventricular wall in fact bifurcates 
or splits up towards its base,) the external layers forming the outer wall of the valve, 
the intemal layers, which are slightly modified, forming the inner. It is to this splitting 
up of the right ventricular wall towards the base (Plate XIV. fig. 41, k) that its greater 
tenuity in this direction, as compared with the right ventricular wall of the mammal 
(Plate XV. fig. 49, y*), is to be traced. If the muscular valve be regarded as an inde- 
pendent formation, which it can scarcely be, it will be best described as a structure 
composed of fibrous looj:^ these loops being of three kinds and directed towards the 
base — ^the first series consisting of spiral nearly vertical fibres forming a somewhat acute 
curve, the i^cond seri^ consisting of slightly oblique spiral fibres forming a larger or 
wider curve, and the third series consisting of still more oblique fibres and forming a 
still greater curve. As the fibres composing the difierent loops act directly upon each 
otiier during contraction, the object of the arrangement is obviou^y to supply a move- 
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able partition or septum which shall occlude the right aunculo-ventricular op^iing during 
the systole. The maimer in which the several loops act is determined by their direc- 
tion. Thus the more vertical ones, in virtue of their contracting firom above down- 
wards, have the effect of flattening or opening out the valvular fold, and in this way 
cause its dependent or free margin to approach the septum. The slightly oblique fibres, 
which contract partially from above downwards, but principally from before backward^, 
assist in this movement by diminishing the size of the right aurieulo-ventricular orifice 
in an antero-posterior direction, — it remaining for the very oblique and transverse fibres, 
which contract from before backwards, and from without inwards, to complete the move- 
ment, by pressing the inner leaf of the fold directly against the septum — an act in whidb 
the blood plays an important part, from its position within the valve, this fluid, according 
to hydi'ostatic principles, distending equally in all directions and acting more immedi- 
ately on the dependent or free margin of the valve, which is very thin and remarkably 
flexible. When a vertical section of the fold forming the valve of the bird is made, 
that portion of it which hangs free in the cavity is found to be somewhat conical in 
shape, the thickest part being directed towards the base, where it has to resist the 
greatest amount of pressure — the thinnest corresponding to its dependent and free 
margin, where it is applied to, and supported by, the septum. The upper border of the 
fold is finely rounded, and in this respect resembles the convex border which limits the 
right ventricle of the mammal towards the base. 

The spindle-shaped muscular band (Plate XIV. fig. 40, A), which frbm its connexion 
may be said to command the upper (^') and lower (j) portions of the right ventricle 
interiorly, is obviously for the purpose of coordinating the movements of the muscular 
valvular fold ; and as its position and direction nearly correspond with the position and 
direction of the musculus papillaris situated on the right ventricular wall of the mammal 
(Plate XIV. %. 44, h')^ it is more than probable that it forms the homologue of this 
structure. Indeed this seems almost certain from the fact that, if the ventricles of the 
bird be opened anteriorly (Plate XIV. fig. 40), and the band referred to contrasted with 
the anterior musculus papillaris of the left ventricle (y), both are found to occupy a 
similar position. The fleshy band therefore may he said to be to the muscular valve of 
the right ventricle, what the anterior musculus papillaris and its chordas tendineas are 
to the segments of the mitral valve. Compared with the tricuspid valve of the mammal, 
the muscular valve of the right ventricle of the bird is of great strength. As, more- 
over, it applies itself with unerring precision to the septum, which is slightly prominent 
in its course, its efficiency is commensurate with its strength. The prominence on the 
septum alluded to is very slight, and might escape observ^ation, were it not that immedi- 
ately below it the septum is hollowed out to form a spiral groove of large dimensions 
This groove, like the valve, runs in a spiral direction from behind forwards, and from 
below upwards, and, when the valve is applied to the septum during the systole, con 
verts the right ventricular cavity into a spiral tunnel, through which the blood is forced, 
on its way to the pulmonary artery. Such of the fibres of the superficial or first external 
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layer of tile right ventricle of the mammal as are not continuous with corresponding 
external fibres at the base arise in two divisions (Plate XIV. fig. 30, d,f )^ — ^the one from 
the fibrous ring surrounding the pulmonary artery (Plate XV. fig. 46, k) and aorta (a), 
and the anterior half of the fibrous ring surrounding the right auriculo-ventricular 
opening {l)y together with a corresponding portion of the septum (e) ; the other /rom the 
posterior half of the fibrous ring (n'} surrounding the right auriculo-ventricular opening, 
rile posterior half of the septum, and a limited portion of the left auriculo-ventricular 
tendinous ring posteriorly (n). In this layer, consequently, comparatively few of the 
fibr^ belonging to the left ventricle (Plate XIII. fig. 18,/) cross the posterior coronary 
groove (/ to become continuous with the fibres on the right (/); and it is worthy of 
observation, that as the dissection advances the number of the so-called common fibres is 
augmented. This increase of the common fibres, which is gradual and follows a certain 
order, is referable to the source and direction of the fibres constituting the several layers. 
In the first layer, as has been explained, the common fibres proceed from a limited por- 
tion of the left auriculo-ventricular opening posteriorly ; and as their direction is little 
removed from the vertical, few of them cross the posterior coronary groove to appear on 
the right. In the second layer, however, the common fibres proceed from the posterior 
and outer portion of the left auriculo-ventricular opening (Plate XIII. fig. 21,/), and, 
their direction being more oblique, a considerable proportion cross the posterior coronary 
groove (j). In the third layer (Plate XIII. fig. 2i^fd!) the direction is still more 
oblique, and a greater number of the fibres consequently cross the groove referred to. 
In the fourth layer the direction of the fibres is horizontal (Plate XIII fig. 27,/<if), and 
the fibres almost all cross the groove in question. In the last-mentioned layer the fibres 
may be said to emanate from the left auriculo-ventricular opening all round. In speaking, 
therefore, of the fibres which are common to both ventricles posteriorly, it will faci- 
litate the comprehension of their arrangement, to say that they radiate from different 
portions of the left auriculo-ventricular opening at different levels, these levels corre- 
sponding with the depth of the layer involved. 

Femliunfies of the right ventricle of the mammal— fleshy pom — infundibulum — hone 
of the hearty &c. In the right ventricle, as in the left, the layers increase in thickness 
from without inwards ; but there is this difference : the layers of the right ventricle are 
comparatively thinner than those of the left, owing to the fibres constituting them being 
more delicate. The greater delicacy of the fibres of the right ventricle may be explained 
either by an arrek of growth after birth, or to their becoming subsequently atrophied. 
The fibres of the right ventricle, as a rule, form only curves or segments of spirals 
(Plate XIY. figs. 36 & 37), a certain number of them anteriorly (especially those of the 
internal layers ♦) bending over and uniting with corresponding fibres from the right side 
of the septum to form a fibrous archway (Plate XIII. figs. 18, 21, 24, &: 27, tw), which 

* The fibres of the external layers which enter into the formation of the fleshy pons, arise in many instances 
the root of the pulmonary artery and aorta, and from the anterior portion of the right aurienlo-ventricnlar 
opening. 
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separate the right atiriculo-ventricular opening (?) from that of the pulmonary artery {k}, 
IMs fibrous archway has been appropriately denominated the fleshy pons, and ig more or 
less spindle-shaped, from the fact of its forming the boundary between the auriculo- 
ventricular and pulmoriic orifices, the former of which is oval, the latter circular. It 
varies in rize according to the dimensions of the heart. In the sheep, calf (Plate XIV. 
fig. 4S, m), hog, leopard, deer, and seal it is usually about half an inch in breadth at 
its najTowest portion, and rather less than a quarter of an inch in thickness ; while in 
tihe giraffe, camel, and horse it increases to twice these dimensions. 

Another peculiarity in the right ventricle of the mammal, to which a posing allusion 
is due, appears in the form of a conical-shaped projection (Plate XIV. %. 37, w), the 
so-called infundibulum (Cruvezlhiee), or conus arteriosus (Wolff*), situated at the 
upper and anterior portion (p) of the ventricle. This projection, which communicates 
above or at its summit with the pulmonary artery (k), has the effect of lengthening the 
right ventricle towards the base to the extent of half an inch or so in moderate-sized 
hearts, and in this way makes up the deficiency of the right ventricle towards the apex. 

The vertical measurement of the right and left ventricles is consequently nearly equal 
The conus arteriosus is composed externally f of fibres which arise more immediately 
from the fibrous ring surroundirg the orifice of the pulmonary artery (Plate XV. 
fig. 46, k ) — these fibres haring a plicated or tortuous arrangement (c), similar to that 
which occurs in the superficial layer of the ventricle of the fish and reptile. As, how- 
ever, the fibres alluded to are separable into layers (Plate XIV. figs. 30 & 31, Ar), and 
are continuous with the fibres of the external layers of the right ventricle generally, with 
which they correspond in direction (fd% they are not entitled to a separate description. 
The more internal portions of the conus arteriosus are composed of the internal layers 
of the right ventricle. An additional peculiarity in the right ventricle of the mammal 
consists in the existence, in a large number of quadrupeds, of a curiously shaped bone 
(Plate XIV. figs. 30 & 31, c) which is imbedded in the right side (a) of the fibro-cartila- 
ginous ring surrounding the aortic orifice. The bone in question, on account of its being 
more fully developed in some instances than in others J, varies considerably as regards 

* “ TMs author drew a distinction between the conus arteriosus and the infondihulum, applying the former 
epithet to that portion of the ventricle from which the pulmonary artery springs, and which is prolonged up- 
wards above the level of the rest of the ventricle. In the term infimdibulnm he included a larger portion of 
the ventricle, apparently that portion placed above a line drawn finm the upper and right margin of the ven- 
tricle ohHquely downwards to the anterior fissure. As the upper part of the right ventricle becomes gradually 
narrower, he supposed that it increases the velocity and impetus of the blood as it is drawn from the ventricle.” 
(Acta Acad. Imper. Petropol. pro anno 1780, tom. v., vi. p. 209, 1 784.) 

t The arrangement of the fibres entering into the composition of the conus arteri(®u8 interiorly is described 
at p. 479. 

4: BitTMEKBACH (Comparative Anatomy, translated byMr.ItAWBEFCE, p. 138) speaks of two bon^ as existing 
in the heart of the stag and the laiger adult hisulea. According to Mr. W. S. Savokt, two principal bones (a 
larger and a smaller), together with several irregular fingments, are found in the hearts of the -krger ruminmits. 
(Observations on the Structure and Gonnerions of the Valves of the Humau Heart? 1861.) The author of the 
present paper has occasionally seen the fragments alluded to by Mr. Savokt. 
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form. Usually it resembles &e mould of a ploughdiare ; i. e. it is more or less trian- 
gular, and sHghtly bent or twisted upon itself to suit the curve of the aorta. That it per- 
forms no very important function, and is not nectary for the attachment of the fibres 
of the septum, is abundantly proved by its absence in a great number of instances. 
The OS cordis^ as it has been termed, is generally met with in the hearts of the horse, 
ox, sheep, and deer, and very rarely in man, the ^al, pig, dog, hedgehog, hare, rabbit, 
and cat. 

Lastly, the shape of the right ventricle is peculiar. Viewed vertically, it forms two 
irregular cones, a larger and inferior cone, and a smaller and superior one (the conus 
arteriosus). They spring from a common base and have widely separated apices. The 
bases of the cones correspond with a line drawn from the posterior portion of the right 
auriculo-ventricular opening (Plate XIV. fig. 31, c) to a pomt in the track for the 
anterior coronary artery, midway between the apex (d) of the right ventricle and the 
root of the pulmonary artery (jt). The apex of the larger or inferior cone (Plate XIV. 
fig. 31) corresponds with the apex of the right ventricle (d), and the apex of the smaller 
or superior one with the root of the pulmonary artery (^). Viewed transversely or by 
means of transverse sections, the right ventricle is found to be concavo-convex (Plate XV. 
figs. 49, 50, & 51, ^), its concavity being turned towards the convexity of the left (6) ; in 
other words, the right ventricle is as it were flattened out and applied to or round the 
left one. Viewed from before backwards, or in an antero-posterior direction, the right 
ventricle is found to be twisted upon itself (Plate XII. fig. 16, and Plate XIV. figs. 34, 
35, 36, & 37), the two cones of w’hich it is composed twisting in opposite directions — 
the larger or inferior cone (Plate XII. fig. 16, ^ A m, and Plate XIV. fig. 37, j?' q 
in a direction from left to right downwards, the smaller or superior one (Plate XII. 
fig. 16, A and Plate XIV. fig, 37,^ «; ^) in a direction from right to left upwards. 

Second extcrml layer of the right and left ventricles {Mammal). When the superficial 
or first external layer, which in the mammal is comparatively thin, is removed, the 
second layer (Plate XIII. fig. 21), composed of fibres similarly arranged to those taken 
away, is exposed. The fibres of the second layer posteriorly proceed in a spiral direc- 
tion from left to right downwards, and are for the most part* common to both ventri- 
cles iff ') ; i. €. the fibres found on the left ventricle (/) cross the posterior coronary 
track {j ), and are found also on the right ventricle {f f”) ; while the fibres on the 
anterior aspect, which also proceed in a spiral direction from left to right downwards, 
with the exception of a broad band at the base, dip in at the anterior coronary track to 
appear on the right third of the septum, where they are continuous with fibres having a 
corresponding direction (Plate XIII. fig. 22, g). The fibres of the second layer differ from 
those of the first in being slightly fascicular, and in issuing from the auriculo-ventricular 
openings (Plate XIII. fig. 21, b 1) and entering the left apex and anterior coronary 
groove more obliquely. They further differ in having a more oblique direction. The 
fibres of the second layer are arranged in two sets, the one of which proceeds from rather 
♦ A few of the fibres of the second layer pro<^ed to the left a^x only. 
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more than the anterior half of the septum and right auriculo-ventricixlar opening {1), 
and from the root of the pulmonary artery (I:) ; the other from rather less than the 
posterior half of the septum and right auricnlo-ventricular opening (I), and from the 
posterior and outer half of the left auriculo-Tentricular opening (^). The number of 
fibres, consequently, which proceed from the left ventricle (/) to cross the track of the 
posterior coronary artery (/), to become continuous with fibres having a similar direction 
on the right ventricle (/'/'% is greater in the second layer than in the first. 

Second layer of the s^tum — curious Y-sha^ed arrangeinent of the fibres— fibres of the 
light ventricle continuom anteriorly and posteriorly. The direction of the fibres of the 
second layer of the septum (Plate XIIL fig. 22, g) corresponds with the direction of 
the fibres of the second layer on the anterior and posterior aspects (//', d d!) of the left 
ventricle, and with the direction of the fibres of the second layer of the right ventricle 
(Plate XIV. fig. SI,//', d d'). In addition, the fibres of this and the succeeding layer 
diverge from each other at the upper third of the septum, and occasion an arrangement 
resembling the letter Y, the one portion bending over to assist in the formation of the 
fleshy pons anteriorly, the other, curving round to become continuous with the fibres of 
the right ventricle, having a like dfrection posteriorly (Plate XIV. fig. 31, fd). The 
fibres of the right ventricle (Plate XIV, fig. 35, f d% as was shown, are continuous in the 
track for the anterior coronary artery (o) with fibres having a similar direction on the 
septum (g d). They are likewise in many instances continuous with fibres from the sep^ 
turn, in the track for the posterior corormry artery (Plate XIII. apply ge to/ d! of fig, 22), 
and form flattened rings. These points are best seen when the left ventricle is detached 
from the right, and the septum is dissected from the left side. 

Third external layer of the right and left ventricles {Mammal). The fibres of the third 
layer (Plate XIIL fig. 24) resemble in their course and general configuration the fibres 
of the second layer, and proceed in a spiral direction from left to right downwards 
anteriorly, posteriorly (//, d' d’% and septally (Plate XIII. fig. 25, g e). They differ, 
however, from those of the second in being sHghtly more fascicular, in forming a thicker 
layer, and in having a direction which is almost transverse. The number of common 
fibres posteriorly (Plate XIII. fig. 24, //', d' d") is greater in this layer than in the 
second, partly on accoimt of their very oblique direction, and partly from their pro- 
ceeding from the left auriculo-ventricular opening nearly all round. Such of the fibres 
as cross the posterior coronary track to appear on the right ventricle* posteriorly (/ d"), 
curve round in an anterior direction until they reach the track for the anterior coronary 
artery. Arrived here, they dip in at the anterior coronary groove (throughout its entire 
extent) to assist in forming the third layer of the septum (Plate XIII. fig. 25, g e). 
They also contribute to the Y-shaped arrangement of the fibres alluded to in layer two, 
the one arm or process giving off fibres to assist in building up the fleshy pons, the other 
giving off fibres to become continuous posteriorly with such as belong to the right 

* la this layer, as in the last, a ^rtdn nranber of tiie fihm do not cross the ptsterior coronary groove, but 
proceed at once to the left apex. 
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veiitii<die. The fibres of tbe third layer (Plate XIII. fig. 24) are con thraous^ with 
<»rrespoiiding internal fibres at the base, and proceed from two sources — ^the one set 
fix)ia the posterior third of the septum and the posterior half and anterior third of the 
right and left auriculo-ventricular openings (b l\ the other from the remaining ante- 
rior portions of the auriculo-ventricular openings and the anterior two-thirds of the 
septum. 

Fourth or central layer of the riyht and left ventricles {Mammal). The fibres of the 
fourth layer (Plate XIII. fig. 27, fd)^ unlike the fibres of the other layers, run athwart 
the ventricles, or at right angles to an imaginary line drawn from the base to the apex. 
Their direction, which from this circumstance is more or less circular, is accounted for by 
the external fibres, which run in a spiral direction from left to right downwards, turning 
abruptly upon themselves in this layer (Plate XII. compare fg, d e, with k of fig. 4) 
to reverse their course and proceed in an opposite direction, viz. from right to left 
upwards (Plate XIII. fig. 27, j) q). The fourth layer consequently forms the boundary 
between the external and internal layers in both ventricles* ; and when it is removed the 
order of arrangement is reversed: the fibres, instead of proceeding from left to right down- 
wards, becoming more and more oblique, proceed from right to left upwards, gradually 
returning to an imaginary vertical in an inverse order. The fibres of the right ventricle, 
it may be observed, pass through the several changes in direction referred to, more 
rapidly than those of the left ; in other words, the fibres of the right ventricle, when 
the dissection is conducted from without inwards, change from the nearly vertical to 
the horizontal, and from the horizontal back again to the nearly vertical at compara- 
tively slight depths from the surface, an arrangement evidently occasioned by the greater 
tenuity of the right ventricular fibres. The difference in the depths at which the layers 
of the right and left ventricles are found, introduces important changes in the appear- 
ance presented by the ventricles at different stages of the dissection. Thus, w^hen the left 
ventricular wall is half dissected through posteriorly (Plate XV. fig. 64), the right 
ventricular one is quite dissected awayf. I say posteriorly, because, as was explained, 
the left ventricular wall anteriorly is but little affected, owing to the manner in which 
the fibres common to both ventricles radiate from the latter. The fibres of the fourth 
layer proceed in flattened fascicular bands from the auriculo-ventricular orifices all round 
(Plate XIII. fig. 27, ^ 1), and illustrate very well the comparative depths at which the 
layers of the right and left ventricles are found. On transverse section the outer half 
of the central layer of the left ventricle posteriorly is ascertained to be on the same 
level with the internal layers of the r%ht ventricle. Such of the fibres of the fourth 
layer as are common to both ventricles proceed from left to right, and, having crossed 
the posterior coronary groove, curve round on the right ventricle until they reach the 
groove for the anterior coronary artery (Plate XIII. fig. 23, o o'), where they dip in (r) 
to traveme the septum (Plate XIII. fig. 28, ^€) in an antero-posterior direction, and so 

* The fotirth layer of the right Teatricle is reprinted at Plate XIII. fig. 28, p g. 

t The right ventricle is only half the thieknm of the left. 
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retirpi to the posterior waU, where many of them are continnons with the fibres of the 
fourth layer of Oie right ventricle. The fibres which are not common, and which belong 
more particularly to the left ventricle, dip in at the posterior coronary gmove to tra- 
verse the septum (Plate XV. fig. 64, g) in an opposite direction, or ftom behind 
wards, where they are continuous with the fibres of the left vmtriculmr wall. 

• Internal lagers of the right ventricle {Mammd), 

When the fourth or central layer of the right ventricle (Plate XUI. %. 2S, jp f), 
which is on the same level with the more superficial portions of the centeal layer of the 
left one (Plate XIII. fig. 27, /d), is removed, there is no longer any continuity between 
the fibres of the right and left ventricles posteriorly ; in other words, the common fibres, 
or those which pass firom the one ventricle to the other, are dissected away, and the 
layers beyond or to the inside of the layer in question belong exclurively to one or other 
of the ventricles. This arrangement is apparently occasioned by the fibres of the posts- 
rior border of the septal duplicature (Plate XVI. diag. 16, G) passing through and be- 
coming blended with those of the posterior wall, only until the central layer in either 
ventricle is reached (Plate XVI. diag. 17, K). The intemal layers of the right ventricle 
(Plate XIII. figs. 26 & 29, and Plate XIV. figs. 32, 33, 36, & 37), as has been partially 
explained, are, according to my belief, segmented portions of similar layers isolated from 
the left or typical ventricle by the primary notch or reduplication. This hypothesis is, 
I may observ^e, countenanced by their possessing the general characters of the intemal 
layers of the left ventricle without being so complete. The fibres of the internal layers 
of the right ventricle proceed in a spiral direction ftom rightto left upwards (Plate XIV. 
fig. 32, q q'), the fibres of the several layers, when the dissection is conducted ftom 
without inwards, becoming more and more vertical (Plate XIV. fig. 33, p p\ q^) ^ the 
interior is reached. They therefore pass through all the changes in direction through 
which those of the left ventricle pass — the fibres of the seventh or last intemal layer 
crossing the fibres of the superficial or first external layer at an acute angle, the fibres of 
the second and sixth layers at a slightly obtuse angle, and the fibres of the third 
(Plate XIV. fig. 31) and fifth (Plate XIV. fig. 32) layers at a very obtuse angle. When, 
however, the spirals formed by the fibres of the intemal layers of the right ventricle 
(Plate XIV. figs. 36 & 37) are examined or compared with the spirals formed by the 
fibres of the intemal layers of the left ventricle (Plate XII. figs. 6 & 7), the segmentary 
nature of the former is at once apparent, these in no instance forming complete double 
conical spirals similar to those found in the left ventricle, but only spiral fiugm^ts, or 
at most flattened rings, such as would be obtained by isolating or detaching a portion 
of a perfect cone composed of the double conical spirals described. 

Fifth layer of the fight ventricle (Mammal). The fifth layer of the right ventricle 
(Plate XIV. fig. 32), from the fact of its beir^ immediately to the inner side of the 
fourth central or transverse layer (Plate XIII. %s. 23 & 28, p q}^ k the first of the in- 
temal ones (Plate XIV. fig. 32,pp',qq'). The fibres composing it proceed in a very 
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obKqme. spiaral dkeeticm from behind forwards and from right to left upwards; and 
are aggregated into well-marked fascicular bundles which are continuous anteriorly 
(J^ate XI¥. fig. Sfi, o) and for the most part posterim'ly with fibres hawg a liko direc- 
tion on the right third of the septum (p'gfy They are continuous also with the fibres 
the third external layer at the base. As the common fibr^ do not extend tp? or im- 
plicate the intenial layers, the fibres of the right third of the septum readily become 
continuous with internal fibres on the posterior wall having a corresponding direction 
(Pkte XIV. fig. S2, p q). The fibres of the fifth layer (Plate XIV. fig. 32) split up or 
biftircate at a point corresponding with the fleshy pons, into the formation of which they 
enter, the one half bending over in a direction from without inwards (m) to become 
ccmtinuous with fibr^ from the septum having a similar direction — ^the other half curving 
round the infrindihuliform portion of the right ventricle anteriorly (p') to dip in at the 
track for the anterior coronary artery (Plate XIII. fig. 26, o), from which they emerge 
with the septal fibres referred to. The fibres of the fifth layer seldom make more than 
one turn of a spiral, many of them, from terminating at the root of the aorta and septum 
anteriorly, making less. 

SM/i layer of right ventricle {Mammal). The fibres of the dxth layer of the right 
ventricle (Plate XIV. fig. 33) agree in their more Important features with the fibres of 
the fifth layer ; L e. they proceed in a spiral direction from right to left, or from behind 
forwards and from below upwards {pp\ q q'), the fibres bifurcating (m q'} to assist in form- 
ing the fleshy pons (m) and the infundibulum (q’). The fibres of the sixth layer agree 
with those of the fifth in being continuous anteriorly (Plate XIV. ♦ fig. 37, w) and 
posteriorly (Plate XIV. fig. 33, p^) with fibres having a similar direction on the septum 
(Plate XIV. fig. 37,y>Y)5 with corresponding external fibres (the fibres of the second 
layer) at the base (Plate XIV. fig. 31, id'). The fibres of the sixth layer differ from 
thc^e of the fifth in pursuing a slightly more vertical direction, and in not being quite 
so fascicular. They form the homologues of the fibres of the second layer. 

Seventh or last internal layer of right ventricle (Mammal). The fibres of the seventh 
or last internal layer of the right ventricle are those principally engaged in the forma- 
tion of the camese colnmnae and musculi papillares of the right ventricle, and have been 
afready described. 

The points established with rference to the right ventricle are these : — 

1st Many of the fibres entering into the formation of the right ventricular wall pro- 
from the left auricido-ventricular opening, so that the right ventricle is to a certain 
extmt dependent for its existence on the left. 

2ndly, The external fibres of the right ventricle, with the ^ception of a broad tend 
at the base, limited to the first two extemal layem, dip in at the track for the anterior 
coronary artery, to appear on the septum. 

3i^y. Many of the fibre®, especially of the deeper layers, are continuous anteriorly 
♦ I& Plate Xin. fig. 29, tee fibres in question (p q) aws seen dippii^ in at tee anterior coronary track 
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and posteriorly, and form flattened rings, which accommodate themselves to the shape 
of the ventricle. 

The poiTds in which the fibres of the right ventricle differ from tJmse of the left ate 
the foUowiTig : — 

1st. They axe more delicate. 

2ndly. They form segments of spirals and flattened rings, instead of double conicid 
spirals. 

Srdly. The external flbres enter the anterior coronary groove to become internal, not 
at one particular point, as in the apex of the left ventricle, but throughout its entire 
extent, the broad band at the base excepted. 

4thly. The fibres of the right ventricle form a constriction anteriorly (the so-called 
fleshy pons). This constriction separates the pulmonary artery from the auriculo-ven- 
tricular opening, and does not exist in the left ventricle, unless the septal segment of 
the bicuspid valve is taken to represent it. 

Vertical section of the right ventricle (Mammal). 

Wherx a vertical section of the right ventricle is made posteriorly (Plate XIV. figs. 
43 & 44, s), it is found to taper in two directions, as in the left. It differs, however, 
from a similar section of the left ventricular wall in being comparatively much thicker 
towards the apex. This arises from the manner in which the right apex is formed, and 
is readily explained according to the segmentary process which is believed to separate the 
right apex from the left in utero. Into the extreme apex of the left or typical ventricle, 
as was shown, only one layer enters ; whereas into successive portions of the left ventri- 
cular wall (at slight removes from the extreme apex) two, three, and four layers enter. 
But the right apex is known to be separated from the right side of the left apex at a 
part considerably above its extreme point, and where the left ventricular wall is some- 
what thickened ; so that probably two or even three layers enter into the construction 
of the right apex. 

Transverse sectiom of the right and left ventricles (Mamrmd). 

What has been said with reference to the difference in direction of the several exter- 
nal and internal layers of the right and left ventricles and septum, the common nature 
of the fibres posteriorly, and their independent nature anteriorly, the varying thickness 
of the right and left ventricular and septal walls, the conical shape of the right and left 
ventricular cavities, &c., is fully home out by transverse sections. When a transverse 
section of the ventricles of the deer is made half an inch or so from the base (Plate XV. 
fig. 49), the following phenomena are observed : — 

1st. The cut ends of the more vertical fibres exteriorly (cdd') and interiorly (dd'd^) 
are nearly equal in number, and are seen to the outside and inside of the deeper or 
more central fibres. The prevailing direction of the central fibres, on the septum (d) 
and left ventricular wall (e), is more or less circular, owing probably to many of the 
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internal fibres cbanging their direction at this point to become external. On the right 
ventricular wall the fibres composing the more central layers are distinctly seen to cross 
each other {/). 

2ndly. The fibres which are common to both ventricles posteriorly, can be traced pass- 
ing from the left ventricle to the right (g). v 

Srdly. The large fascicular bundles of fibres which constitute the camese columnse 
{odd% and the free ends of the musculi papiUares with their chordse tendineefi attached 
(r^), may be recognized surrounding the ventricular cavities {h 1). 

4thly. The shape of the left ventricular cavity at this point is oval (^), and of the 
right cavity concavo-convex {1). 

5thly. The thickness of the left ventricular wall (c d) and the septum (dd') is as nearly 
as possible equal, that of the right ventricular wall (c"d") being only half the thickness 
of either of the former. 

6thly. The thickness of the ventricular walls, as a whole, is not quite so great in this 
section as it is three-quarters of an inch nearer the apex (Plate XV. fig. 50). 

In a transverse section rather less than an inch and a half from the base (Plate XV. 
fig. 50) the same phenomena are repeated, with the following slight differences ; — 

1st. The aggregate of the external fibres (cc") is considerably less than the aggregate 
of the internal ones (d d"), out of which the camese column© (o) and musculi papiUares 
hh!) spring — an arrangement necessitated by the external fibres requiring in this 
instance to crowd together, in order to accommodate themselves to the diminished 
calibre of the cone interiorly. 

2ndly. The common fibres posteriorly {g) pass from the left to the right ventricle, and 
dip or bend in at the track for the anterior coronary artery, to become continuous with 
fibres having a similar direction on the septum (m). 

Srdly. On account of the great preponderance of the internal fibres, and the project- 
ing of the musculi papiUares into the interior, the appearance of the ventricular cavities 
is considerably changed. Thus the left ventricular cavity (5) is triangular — ^the right 
ventricular one (1) being concavo-convex, and having two constrictions init caused by the 
anterior {li^) and posterior [h] musculi papiUares. 

4thly. The thickness of the septum {dd') is nearly one-sixth greater than that of the 
left ventricular waU {c d), between the papiUary muscles {xy\ the thickness of the right 
ventricular wall (d'd'') being only half that of the latter. 

5thly. The thickness of the ventricular walls is greater in this section than in any 
other. 

When a transverse section is made about two inches and a quarter from the base 
(Plate XV. fig. 51), the thickness of the ventricular waUs (cd, dd\ d’d”) is found to have 
diminished sUghtly. The peculiarities of this section are these : — 

1st. The preponderance of the internal (d d") over the external (c d') fibres, especiaUy 
in the left ventricle, is more marked than in the two preceding sections. 

2Edly. The circular nature of the more central fibres is also better defined (e d), the 
fibres being observed to cross each other (f). 
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Srdly. The musc«iH papiUares of the left veEtride (b) are very prominent, the 
left ventricular cavity (b) fi-om this circumstance being more triangular in shape than in 
the second section (Plate XV. fig. 60). 

4thly. The right ventricular cavity (Z), from its proximity to the right apex, is more- 
over greatly reduced in size. 

In a transverse section three and a half inch^ from the and frilly half an inch 
from the left apex (Plate XV. fig. 52) — the ri^t apex is now removed — ^the subjoined 
results are obtained : — 

1st. The preponderance of the internal (d d^) over the external (c d) fibres is stiU more 
marked, illustratiug the necessity for the iutemal fibres overlapping and crowding on 
their appearance in the interior, more especially at the apex, where the cavity is greatly 
reduced. 

2ndly. The circular nature of the more central fibres {e d) is still better defined, many 
of the external fibres at this point reversing their direction to become internal. 

3rdly. The musculi papiUares are very prominent, the external fibres which have just 
entered the interior being seen to curve into them {xy). 

4thly. The left ventricular cavity (^), from the comparatively large dimensions of the 
musculi papiUares, is greatly diminished *; and the form of the left ventricular cavity is 
more or less bayonet-shaped. 

In a transverse section a quarter of an inch from the extremity of the left apex 
(Plate XV. fig. 63), the peculiarities of the preceding section (fig. 62) are found exagge- 
rated. Thus the quantity of the internal as compared with the external fibres is in- 
creased — the more central fibres {ed)^ from the great number of external ones which at 
the apex change their direction to become internal, ciming round in a regular whorl, 
many of them entering directly into the composition of the musculi papiUares {xy) \ 
the left ventricular cavity is now aU but closed. 

Casts of the interior of the right and left ventricles {Mammal). 

When casts of the interior of the ventricles are taken, the left ventricular cavity 
(Plate XII. fig. 17), as has been stated, yields a highly symmetrical conical screw whose 
spiral runs from left to right downwards, the right ventricular cavity (Plate XII. fig. 16) 
yielding a more unsymmetrical one — ^unsymmetrical in this sense, that it is flattened out 
and applied to or round the left. The amount of spiral made by the left ventricular 
cavity is mther over a turn and a half; that made by the right ventricular cavity rather 
under a turn. 

* In this and the fohowiiig section, the cavity of the left ventricle, towards the apex, would be at once oWi- 
terated by a slight approximation of the musculi papiUares — this approximation of the papillary muscles being 
effected by the contraction of fiie spiral nearly circular fibres which constitute the a;^x. By this arrangement, 
the apeXj'^'wMch is the weak of the ventricle, can be readily converted into a solid musculEff wall capable 
of resisting any amount cf presKine. 
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Shape of the right and left 'eentrimlar ecmties^ as shown hg easts and trammse secH&m, 

As it is difficult to obtain a correct idea of tbe shape of the ventricular cavities, a 
detailed description of them may prove not unacceptable. The left ventricular cavity in 
the fresh heart of the deer, at the extreme base (if the aortic opening is not included), 
is more or less circular in form (Plate XII. fig. 17, h). Half an inch or so ^rom the 
base (Plate XV. fig. 49, h) it changes from the circular to the oval, and is slightly in- 
creased in size from the fact of the left ventricular cavity tapering from its middle 
third towards the base (Plate XII. fig. 17, h). In this portion of the left ventricular 
cavity (Plate XV. fig. 49), the chordae tendinege and the segments of the bicuspid valve 
hang loosely. 

Receding from the base to the extent of fully an inch (Plate XV. fig. 50, h\ the 
appearance of the left ventricular cavity again changes — the change in this instance 
being caused by the projection into it of the flattened oblique h^ds of the papillary 
muscles (r,y), which convert it from an oval shape into an irregularly triangular one 
(Plate XII. fig. 17, w). 

Proceeding an inch or so nearer the apex, the left ventricular cavity (Plate XV. 
fig. 51, h) becomes smaller and more decidedly triangular, and is, from the prominence 
of the cameae columnae and musculi papiUares (Plates XII. & XV. figs. 17 & 51, xy\ some- 
what bayonet-shaped. The bayonet-shaped appearance of the cavity becomes better 
defined as the extreme apex is reached (Plate XV. figs. 52 & 53, 5), the cavity itself 
becoming smaller and smaller until it terminates in a point (Plate XII. fig. 17, z). 

The right ventricular cavity (Plates XII. & XV. figs. 16 &: 49, Q, which is as it were 
applied to or round the left one (Plates XIL & XV. figs. 17 & 49), is also conical- 
shaped (Plate XII. fig. 16). It agrees with the left in having nearly the same vertical 
measurement, but differs from it in having a considerably greater antero-posterior 
measurement, and a decidedly less transverse one (Plate XV. compare h and I of fig. 49). 
Its shape at the extreme base, ov^ing to the spindle-shaped constriction (fleshy pons) 
which separates it from the opening for the pulmonary artery, is oval * (Plate XV. 
fig. 46, ly Half an inch from the base it is concavo-convex (Plate XV. fig. 49, 1), and, 
from the protruding of the cameae columnae and musculi papiUares {h) at this point, 
more or less irregular. The chordae tendineae and the segments of the tricuspid valve 
hang loosely in this portion of the right ventricular cavity. 

Receding from the base in the direction of the right apex an inch and a half or so 
(Plate XV. fig. 50), the shape of the right ventricular cavity {1) is still concavo-convex; 
it is moreover slightly diminished in its antero-posterior and transverse diameters, in 
conformity with its conical nature (Plate XII. fig. 16). Proceeding to within a quarter 
of an inch of the right apex, the right ventricular carity (Plate XII. fig. 12, m, and 
Plate XV. fig. 51, 1) is seen to maintain its concavo-convex shape, and to taper graduaUy 
until it terminates in a blunted extremity (Plate XII. fig, 16, ni). 

* la this description the mfuadihulum, or eonas arteriosas, is r^parded as projecting beyond what is com- 
monly regarded as the basei. 
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The compaxatiTe aze of the right and left ventricular cavities has b^n the subject of 
considerable discnsrion, and is not likely soon to be set at rest, firom the yielding nature 
of the ventricular parietes. 

iNFlKEIffCE DEDUCED FEOM A CONSIDERATION OP THE AbBANOEMENT OP THE FiBElS 
IN THE Ventricles op the Bird and Mammal. 

Without presuming dogmatically to assert that the ultimate arrangement of the fibres 
of the ventricles of the bird and mammal is reducible to any known mathematical law, I 
cannot omit mentioning the fact that the arrangement in question can be so thoroughly 
imitated, even in its details, by certain mechanical contrivances about to be explained, 
that I would consider the present communication incomplete, were I not shortly to 
direct attention to them. 

If a sheet of paper, parchment, or any flexible material ♦ whose length is twice that 
of its breadth, be taken, and parallel lines drawn on either side of it in the direction of 
the length, to represent the course of the fibres (Plate XY. diag. 1), all that requires to 
be done, in order to convert it into a literal transcript of one-half of the left or typical 
ventricle, is to lay it out lengthwise across a table, and, catching it by the right-hand 
distant comer, to roll or turn in towards one’s self a conical-shaped portion (C), and con- 
tinue the rolling process in the direction of the opposite or oblique comer (U), until 
three and a half turns of the sheet have been made and a hollow cone produced, as 
shown at diagrams 4 & 5, Plate XVI. If the sheet be so manipulated, it will be found 
that every line in it is converted into a double conical spiral, — the one-half of the spiral 
being external to the other half, and running from base to apex and from left to right 
(Plate XVI. diag. 3, A B), precisely as in the left ventricle (Plate XII. compare vrith the 
direction of the fibres in figs, I & 9) ; the remaining half, which is internal, rimning from 
apex to base, and from right to left (Plate XVI. diag. 3, D E ; Plate XII. compare with 
the direction of the fibres in figs. 7 & 8). Tracing the external spirals to the apex, they 
are seen to turn abmptly upon themselves at this point (Plate XVI. diagrams 3 & 4, C, 
diagrams 8&13, D ; Plate XII. compare with apex of fig. 10), to reverse their direction 
and enter the interior, where they are continuous with the internal spirals (Plate XVI. 
diagrams 4 & 6, D E E' ; Plate XII. compare with the fibres marked k of fig. 4) ; and 
if the comers of the sheet be folded out at the base, as has been done at Plate XVI, 
diagrams 3, 4, 5, & 6, and the internal spirals traced from the apex, or from below up- 
wards (Plate XVI. diag. 3, H I J), they will be seen again to reverse their direction to 
become continuous with the external spirals (E G H), — an arrangement coinciding in 

* Very beautifiil transparent models of the left ventricle may he made, by employing sheets of net of a large 
pattern, -with threads of wool drawn through the interstices at intervals of an inch or bo. Sheete of this 
natnra have been photographed to illustrate this part of the paper. Very convenient opaque models may be 
constructed by employing portions of newspapers, the reading of which represents the parallel lin^. The 
author strongly recommends the ns© of these models, as a few minutes with such aids will throw more light cm 
the courae and direction of the fibres than honra of abstract reasoning without them. 
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tiie most perfect maimer with the structure exhibited in tiie left ventricle (Plate XII. 
cornice the fibres marked //' of fig. 1 with those marked o d d' of fig. 8). Nor 
does the coincidence stop here. If the cone composed of the spiral lines constructed 
as above (Plate XYI. diagram 4) be examined in a direction from mthout inwards, it 
will be seen that its walls on the one aspect consist of four distinct layers — two' external 
(A A', B, compare with the direction of the fibres in Plate XII. figs. 1 & 3) and two 
internal (D, E E', compare with the direction of the fibres in Plate XII. figs. 5 & 8) ; 
and on the other (Plate XVI. diagram 6) of three — one external (B B^, compare with 
the direction of the fibres in Plate XII. fig. 2), one internal (D ly, compare with the 
direction of the fibres in Plate XII. fig. 6), and one central (C O 0', compare with the 
direction of the fibres in Plate XII. fig. 4) ; and, what is remarkable, that the lines 
entering into the formation of the external layers run in diflferent directions, and cross 
those forming the internal layers as in the ventricle itself (Plate XIL, compare the 
direction of the external fibres in figs. 1, 2, & 3 with that of the internal fibres in figs. 5, 
6, & 7). Another point of resemblance, deserving of particular attention, is the regional 
distribution of the layers themselves, that side of the cone which is composed of four 
layers (Plate XVI. diagram 4) showing how one layer enters into the formation of the 
extreme apex (C), two into the extreme base (A E') and the portion of the ventricular 
wall immediately above the apex (B D), three into the portion of the wall immediately 
below the base, and four into the upper and more central portion (B^ D'), — the other or 
remaining side which is composed of three layers (Plate XVI. diagram 5), showing 
that one layer enters into the extreme apex (C), two into the extreme base (R), and 
three into the upper and central portion (C' C). This arrangement proves, curiously 
enough, that the model ventricular waU, like the true one, tapers in two directions, viz, 
towards the base (Plate XII. compare -with s of figs. 13, 14, & 15) and towards the apex 
(Plate XII. compare with d of figs. 13, 14, Sc 15). There are other points of resem- 
blance. If the marginal line* (Plate XVI. diagram 3, A B C D E) of the sheet rolled 
up as described (and which may be taken to represent the first and seventh layers of the 
left ventricle) be traced, it will be found to proceed in a spiral nearly vertical direction, 
and to run from the extreme base (A) to the extreme apex (C), at which point it reverses 
its course and enters the interior, after which it returns to the extreme base, making one 
turn and a half of a spiral in either direction, as in Plate XII. figs. 1 & 8. It in this 
manner embraces in its convolutions aU the other lines, the initial letters of which are 
H M R V, in the same way that the first layer and its internal continuation, the seventh 
layer, overlaps or embraces all the deeper layers (Plate XII. vide figs. 2, 3, 4, 5, and 6), 
all of which are included within and embraced by figs. 1 and 7). If, on the other hand, 
a second line a little removed from the marginal Ime (Plate XV. diagram 1, F G H IJ), 

• I have to speak of individual lin^, as admitting of more precise description ; but it would be equally 

COT^t to speak of the lines confined to any particular portion of the sheet, for it is the aggregate of the lines 
in certain portions of it which constitutes the layers. Thus the lines composing one-third of the sheet go to 
form the firat external Idyer and tiie last internal (Plate XYI. diagrmn 4, A A' & E E'). 

MDOCCLXIV. 3 T 
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and which when the^heet is roikd up uepres^nts two d^per kj^rs (Plate XYI. dk^;i^ 
i, F G H IJ), he it will be found to pursue a dmikr though s%h% jaiore 

«x)uise, and to extend from the estieme (F) to a point somewhid: short of to 
extreme apex (H), whfere it turns abruptly upon itself at a mudb wMer part of to ^ne, 
to change ik -direction and enter to interior ; after wMiii, like the other, it gn^u^ly 
r^ins the imse (J), — ^ arrangement which proves tot to apex of to artifical oone 
or vaatride is opened mto or enlarged by the removal of suc^irive tines, predMy in 
to same way tot the apex of the left ventricle is opened into, or enlarged, by to 
mnoval of suc^sive layers (Plate XII. Gomj«re/y, of fig. 9 with of %. 11). 
It further shows that many of the tines, like the fibres themselves, return to pomto not 
wide of those from which they started. If another iinO, about the miMto of to rii^t 
(Plates XV, & XVI. diagrams 1 & S, K LM N O), be taken, and traoed in to mme 
manner, it will be seen to proceed from the extreme base K (Plate XII, comjmre with 
fibres marked / in fig. 3), and to turn upon itself or reverse its direction and entor to 
intmior at a still wider portion of the cone M (Plate XII. compare with fibres maihed 
I: in fig. 3 ) — L <?. at a point still further removed from the original apex (€) — and so m 
until the opposite marginal tine (Plates XV. & XVI. diagrams 1 & 3, U V W) is reached, 
which confines itself entirely to the base, or upper portion of the cone (Plate XII. 
compare with fibres marked/^, ef e, fig. 4), and m^es only one turn of a spinal. This 
disposition oi the tines reveals what to me is a very mteresting fact, viz. that certain 
tines, like certain layers, are confined to certain localities or regions. (The first layer 
of the left ventricle, as was pointed out, extends from the extreme base to to extreme 
apex (Plate XII. fig. IX while the fourth layer does not quite extend to either (Plate 
XII. fig. 4). It further shows, what is scm-cely less important, that, of the tines origin- 
ally of the same length, some, from the fact of their winding very partially round the 
base or wider portion of the ‘ccme (Plate XVI. diagram 3, A) while they twist mpidly 
round the apex or narrow part (B C), make one turn and a half of a spiral, whereas 
others, which are confined to and wind round the base or wider portion of the cone, 
make only one turn of a sq^iral (Plate XVI. diagram B, XJ V W) — an arrangement which, 
m I endeavoured to point out (see p. 456), prevails also in the left ventricle. When to 
interiGT of the cone, tohioned as r^xnnmended, n examined, the margind tines are 
observed to twist out of the apex (Plate XVI. diagram 9, Y) and assume a more or 
vertical direction (Pkte XVI. diagram 6, E E, and diagram 8, Y), in a mmaner whirii 
wonderfully accords with to direction of to fibres composing one or other of to mi®h 
culi papillares (Plate XVL compare Y of diagram 9 with^ of figs. 12 & 13, Plato XII.). 

Having constructed one half of the typical ventridie, it is necessary, to -complete to 
dher, to lay a second sheet upon the originai one, at a sli^t angle, as rejuei^irted 
in diagram 2, Plate XV.*, after which the sheets are rolled up (the one within the 

* In the dkgram adverted it will be observed I kave r^ffegented the o&mm (rf fee feMbi tw® 

aaiy papillary mnsclcs (X, ¥), loff fee purpose ci ahowmg fee poshi(Bifl fe^ oi^upy m feeirterior jaf fee era* 
when the sheets are rolled up. 
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^ »^fliiwamded when mampukting the single sheet. The additional sheet, 
wls^h is ihm naade to pa® through the s®ne changes as the first, in nowise compHc^t^ 
the arraa^nent, and has the effect of doubling the laym^ while it does not increa^ 
ting number of spiral turns made by the lin® composiag them*. The object of hating 
two sheets set at an angle is to ensure that the lines will enter the apex, and issue from 
the ba^, in two places, so as to render the cone bilaterally ^mmetric^ as it exists in 
the undirected left ¥entricle ; forit is found that, if only one sheet is employed, the 
apex of the cone, from its being composed of spiral lines, is lopsided, or like the barrel 
of a i^n cut slantingly (Plate XVI. diagram 6, B). This difficulty is at once obviated 
by the empLoyment of the second sheet ; for the one sheet being made by the angle of 
difference to wind from behind forwards (Plate XVI. diagram 10, C D), amd the lines 
to enter the apex anteriorly (E), while the other winds from before backwards (A B), the 
Mnes entering the apex posteriorly (F), the apex, as every other portion of the cone, 
is rendered bilaterally symmetrical (Plate XVI. compare abe with cdf of %. 56; 
Plate XIL compare fdso fp and 6 d of figs. 9, 10, and of figs. 12, 13, & 14). When 
sheets adjusted as represented in Plate XV. diagram 2 are rolled up into a cone, as 
may be closely and conveniently imitated by placing the cone marked 5, Plate XVL, 
inside of that marked 4f, it will be found that a cone bilaterally symmetrical (Plate XVI. 
diagrams 7, 10, 11, 12 & 14), having a symmetrical apex (dia^’ams 7, 10, & 12, E F, 
diagram 11, XY, and diagram 14, DK) with walls consisting of seven layers, each 
having a different direction (Plate XVI. diagram 4, A, B, D, E, and diagram 5, B C B), 
is at once produced. Of these layers three are external, tiiree internal, and one central, 
precisely as in the left ventricle itself (Plate XII. compare with figs, from 1 to 8 
inclusive). 

If the foregoing arrangement were reduced to a principle and applied to the fibres of 
the left ventricle of the bird and mammal, it would be stated in something like the fol- 
lowing terms. 

By a simple process of imoolniim and evolution, the external fibres become internal 
at the apex, and the internal ones external at the base ; so that whether they be traced 
from without inwards, or from within outwards, they always return to points not wide 
of th(^ from which they started. The fourfold set of fibres, viz, the two external sets 
and the two internal, being spirally arranged round a cone, and running in two diame^ 
tidcaily opposite directions, it follows that, in order to involute and evolute, certain preli- 
minary changes are necessary. Thus the two sets of external fibr^, which wind from 
the base of the cone to the apex in a direction from left to right downwards, make 

♦ Aimtiier effect produeed the two Aeets being set at aa angle and rolled within each other, whicli finds 
aeonnter^^rt in the v^tricle itself is the following. Kie lines conqKjsmg tilie several anteinn layers are rela- 
tivdy more vertical ib.an those compadng die posterior ones. 

t Strictly speaking the sheet ^mposang die one cone should be rolled withiii that oomposmg the other, so 
dmt, when die unwinding of die eon^ tai^ place, alternate coils or layers from either cone are removed in 
ocmirtant 
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smaller and smaller carves as they approach the apex, where they imohdi or turn m; 
whereas the two ^ts of internal ones, which’wind from the apex of the cone to the 
in a direction from right to left upwards, make larger and larger curves as they approach 
the base, where they e^olute or turn mt. The external and internal fibres have therefore 
different directions in different parts of their respective courses ; and as the spirals formed 
by the external and internal sets cross and overlap at every half turn of their progress, 
we are in this way furnished not only with fibres having different degrees of obliquity, 
but also with different layers or strata of fibres. 

Since the artificial ventricle, constructed as described, presents all the peculiarities of 
the typical or left ventricle, it is obvious that if, beginning a little above its apex, a por- 
tion of the anterior wall is pushed in (Plate XVI. diagram 15, A ; Plate XV. compare 
with 771 of fig. 50, and with ol^jpnoi fig. 45) until it touches the posterior one (Plate 
XVL diagram 15, B ; Plate XV. compare with g of fig. 50), and allowance made for the 
passing through and blending of the lines posteriorly (Plate XVI. diagram 16, G) and 
septally (Plate XVI. diagrams 16, H K ; also diagrams 17 & 18, H E), as recommend^ 
at page 464, and indicated by the division of the primary tube in the embryo, two ven- 
tricles (C & D) would be produced, resembling the true ventricles (compare with hloi 
figs. 49, 50, & 51, and oj? of fig. 45, Plate XV. more particularly ; also with o of fig, 83, 
Plate XIII.) as closely as the artificial single ventricle resembles the left or typical 
ventricle. This is so evident that ftirther explanation is unnecessary. 

With these remarks I finish the description of an avowedly difficult structure ; and, in 
taking leave of the subject, I trust I may not be charged with forcing analogies and 
instituting resemblances where none exist. Having no theory to serve, my sole aim 
throughout the investigation has been the elucidation of truth ; but where that is so 
cunniugly, and, it may be added, so successfully concealed, it has often been exceedingly 
difficult to arrange the materials with which my numerous dissections supplied me, so 
as to preserve a sequence in the description while I at the same time contrasted the 
direction of the fibres composing the several layers with each other. The method 
employed in demonstrating the ventricles in the present instance, viz. by consecutive 
layers, wMe it is by far the most natural yet proposed, is, I believe, the best calculated 
to afford intelligible results ; for as layers or strata of fibres unquestionably exist, and 
these intersect each other at various angles, and are found at different depths from the 
surfece, it follows that all attempts to display in any individual heart, what can only be 
shown in a series of hearts, must prove abortive. The great advantage of conducting 
the dissection from without inwards by the removal of consecutive layers consists in its 
preserving the relation of the several layers to each other, and in showing how the fibr^ 
of each are continuous at the base and at the apex. This is well seen in the first seven 
figures of Plate XII., where the layers of the left ventricle are exposed posteriorly ; for 
by placing fig. 7 within 6, figs. 7 & 6 within 5, and so on until all the figures are placed 
within fig. 1, not only are the relations of the several layers to each other maintained, 
but the ventricle is as it were rendered transparent, so that one may trace in im^ina- 
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tiom, or by the aid of diagrams 4 & 5, the fibres of fi^. 8 & 7 crossing tho^ of fig. 1, 
the fibres of fig. 6 crossing those of %. 2, and those of %. 6 crossing tho^ of %. 3. 
The minutely reticulated structure to which this disposition of the fibres giv^ rise, 
although yery simple when the layem are regarded separately or apart from each other, 
becomes very perplexing when they are placed in apposition or as they occia* in the 
undissected ventricle ; and to the partial dissection of the layers perhaps more than to 
any other cause^ is to be attributed that numerous class of complicated diagrams 
which represent the fibres of the ventricles as running in ail directions without either 
law or order. In those diagrams that beautiful gradation in direction by which the 
fibres diverge from an imaginary vertical, and gradually return to it after having inter- 
sected each other in all directions, finds no place. In conclusion, the scheme of the 
course and direction of the fibres as summed up, while it greatly facilitates the com- 
prehension of the general principle involved m the ultimate structure of the ventricles, 
harmonizes in the most perfect manner with all that is at present known of the heart’s 
movements — ^those movements apparently so simple, and yet so difficult of analysis. 


Explastation op tee Plates. 

In the engravings the same letters have been employed, as far as possible, to designate 
corresponding portions of the ventricles. The description of the figures in Plate XIII. 
from 22 to 29 inclusive does not follow in strictly numerical order. Thus the description 
of fig. 24 follows the description of fig. 22, and precedes that of figs. 25, 27, & 28 ; while 
the description of fig. 23 foUows that of fig, 28, and precedes that of fig. 26. The object 
of this arrangement is to ensure that the description may be read as a connected narra- 
tive. In the figures of the right ventricle some of the layers have not been represented, 
from a desire to curtail the number of figures. This, however, can occasion no diffi- 
culty, as portions of the unrepresented layers may be seen in other figures. A portion 
of the second external layer of the right ventricle (one of the omitted layers) is seen at 
Z' of fig. 22, while the greater portions of the two other unrepresented layers, viz. layers 
four and seven, are seen at Plate XIII. %. 23, jp, g, and Plate XIV. fig. 43, o, k 

PLATE XII. 

Fig. 1. Left ventricle of the sheep’s heart, seen posteriorly. Shows the superficial or 
first external layer. See pages 454, 455, & 456. 

Fig. 2. Left ventricle of the sheep’s heart, seen posteriorly. Shows the second layer. 
See pages 456 & 457. 

Fig. 3. Left ventricle of the sheep’s heart, seen posteriorly. Shows the third layer. 
See page 458. 
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Fig« 4. li^art, seen pe^teiiorly. S^owe the fbnrt^ or tmns* 

"^^srse layer, wMeh occupi^ a central position in the ¥entxi€nl^ wall, and 
divides idle ext^al &oi& the mteitial layers. The filnes this layer are in 
the aet of donbHng or tnmijp^ upon themsdlTes, See pages 458 & 4^9* 

F%. 5. Leifc ventricle of the sheep’s heart, seen posteriorly, i^wstke fifth layer, S^ 
p^e 459. 

Fig» 6. Left ventricle of the sheep’s heart,, seen pcstseriorly. Shows Oie sixth layer. See 
pages 459 & 460, 

F%s. 7 & 8. Left ventricle of the sheep’s heart, seen posteriorly. Show the seventh or 
last intemal layer, the fibres composing which extend fix>m the extreme 
to the extreme apex. See pages 460, 461, & 462. 

Fig. 9. Left ventricle of the sheep’s hmrt, as seen posteriorly from above. Shows the 
course pursued by the two sets of fibres constituting the superficial or first 
• external layer. See pages 454, 456, & 456. 
fg. Posterior set of fibres of first lay^, winding in a spiral direction from 
base to apex to enter the apex anteriorly. 
e d. Anterior set of fibres of the first layer, winding in a spiral direction from 
base to apex to enter the apex posteriorly. As the convexity of 
posterior set of fibr^ fits accurately into the concavity of the anterior 
set, they are linked or twisted into each other so as completely to close 
the apex mid render it bilaterally symmetrical. The internal continua- 
tions of the major portions of the two sets of fibres forming the first layer 
are seen at x mad g of figs. 12, 13, 14, & 15, where they appear as the 
anterior and posterior museuii papiilanes. 

Fig, 10. Bird’s-eye view of the apex of the left ventricle of the sheep’s heart. Shows 
the two sets of fibres constitutmg the superficial or first external layer, sepfi- 
rated from each other, and entering the left apex to become internal without 
breach of oontinuLty, See pag^ 454, 455, & 456. 

e d. The anterior set of fibres, curring or twisting into or round the posterior 
set 

/ y. The posterior set of fibres, curving or twisting into or round the anterior 
set 

Fig. 11. Bird’s-eye view of the apex of the left ventricle of the sheep’s heart. Shows the 
appearance presented by the left apex when the two sets of fibres composing 
the first layer have been removed. See pages 456 & 457. 
f 9' Undiss^ted poitimi of the antericr set of fibres of Oie 3 &cst layer. 
t Anterior set of fibres of the s^ond layer, prepming to enter the left apex 
posteriorly. 

k. Posterior set of fibres of the second layer, preparing to enter tlm apex ante- 
rioriy. 

Fig. 12. Transverse section of the left ventricle of the sheep’s heart, hidf m inch above 
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^owg a»lerior an^ >^8leri£ar sets of fiares ior^iag ^lie seTenth 
or last internal layer, twisting out of fi^intedor of ike Mt apex, in an oppo- 
^ toecfion to that hy whidi the ^teiior and pcistmor sets of fibres forming 
first kyer (with which tiiey are ctmtinnons) entered. See pages 460, 461, 
8c 462. 

f. Anterior mosculns papillaris, cat across, 
a*. Posterior mnsculus papillaris, cut across. 

m. Eight apex, ^ows comparathe absence of spiral twist in the fibres com- 
posing it. 

Eig. IS. Left ^nlaicle cf the heart of a dem*, opened anteriorly. Bhows the anterior 
and posterior musculi papillares m diu. pages 460, 461, & 462. 
y. The anterior mnsculus papiUaris, windii^ in a, spual nearly yertical direc- 
tion from the apex to within a short distance of the Imse, where it ter- 
minates in a more or less flattened uneven head, the irregular surface 
being occasioned by muscular prominences vdiich give off chordae tendineae 
to be inserted into the segments of the bicuspid valve. 
x. The posterior mnsculus papillaris, twisting from behind the aaterior one, 
, and winding in a spiral nearly verticfd direction from the apex to within 

a short distance of the base, wh^e it termdnartes like the anterior, in a 
flattened uneven head. 

Tertical section of the left ventricle, showmjg how the ventricular wall 
tapers towards the apex and the base. 

r. Fibrous stay connecting the po^erior musarius -papillaiis with the septal 
side of the left ventricular caviiy. 

Fig. 14. Left ventricle of the heifer’s heart, opened laterally, Bhows the musculi papil- 
lares and the bicuspid valve as usually dismayed, the spiral twist peculiar to 
the musculi papillares being inadvertently destrc^ed. Bee pages 460 & 461. 
V. Anterior or outer segment of the bicuspid valve, with the chordae ten- 
dinesB (t) which proceed from each muscuhis papllaris terminating in it. 
8 s'. Vertical section of ventriculm: wall, tap^mg towards the apex and the 
base. 

10. Temnnalion of the spiral groove which forms (me <rf the two hollows found 
between the spiral musculi papillares. This groove, or rather the cast 
taken from it, is seen throughout its entire extent B.t z w b of fig. 17. 

T. Fibrous stays connecting the anterior and posterior musculi papillares with 
the septal side ef the vaitricular cavity. 

2 . Eetibulated Mi^gement of the fibres lining Bie interior of the ventricle 
and forming the mnneBe columnse. 

1%. 16. Left vmtricle of a hvaaaa heart, op^ed latearally. Shows a tendency on the part 
of the foscicular bunnies fo rming the mmedi papillmres to remain separate, 
dbo the highly dei^c^pad nature of ^e colunuMe. Bee page 461. 
a. Aorta 
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». Posterior aad inner segment of the bici^pid valve, attached by its chord® 
tmdine® to the musculi papiilares. 

y The anterior musculus papillaris, consisting in this instance of two 
portions, from the fibres composing it never having fully united. 
ai. Posterior musculus papillaris, likewise terminating in muscular processes. 
2 . CarnesB column®, forming a rich network which lin^ the interior of the 
ventricle. 

s s\ Vertical section of the ventricular wall, showing how it tapers towards 
the base and the apex. 

Pig. 16. Wax <^t of the interior of the right ventricle of a deer’s heart, seen anteriorly. 
Shows the spiral nature of the cavity. See page 482. 

1. I^ht auriculo-ventricular opening. 

L Conical-shaped spiral infundibulum or conus arteriosus, with the spiral 
grooves occasioned by the projection of the came® column® into it. 
These grooves facilitate the passage of the blood towards the pulmonary 
artery dxiring the systole. 

h. Depression caused by the head of the right anterior muscidus papillaris. 
m. Right apex, the peculiarity of which consists in its being more blunted, 
and less distinctly spiral, than that of the left apex. 

Fig. 17. Wax cast of the interior of the left ventricle of a deer’s heart. Shows the 
peculiar spiral twist of the left ventricular cavity, and how, like the wall, it 
tapers towards the base and the apex. See pages 462 & 482. 
b. Left auriculo-ventricular opening. 
w. Spiral track of the posterior musculus papillaris. 
y. Spiral track of the anterior musculus papillaris. 

zwb. Projecting spiral ridge, corresponding to one of the spiral grooves or 
hollows found between the spiral musculi papiilares. 

2 . Left apex, twisting rapidly upon itself and terminating in a point. The 

left ventricular cavity is widest at the upper part of its middle third (m), 
and the amount of spiral made by it rather exceeds a turn and a half. 

Wote. — ^Figs. 16 & 17 give the exact shape of the ventricular cavities, and 
consequently the precise form assumed by the blood, prior to the systole. 

PLATE Xm. 

Fig. 18. Right and left ventricles of the sheep’s heart, seen posteriorly. Shows the 
superficial or first external layer of both ventricles. See pages 467 & 468. 

Fig. 19. Right and left ventricles of the sheep’s heart, seen posteriorly, the right ventri- 
cular wall being divided and separated to expose the septum. Shows how 
the direction of the fibres of the first layer of the septum corresponds with 
the direction of the fibres of the first layer of the right and left ventricle 
See pages 468 & 469. 
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Fig. 20. Bight and left Tentrides of the sheep’s heart, seen anteriorly. Shows the direc- 
tion of the fibres of the superficial or first external layer of both ventricles, 
the track for the anterior coronary artery, &c. See page 468. 

Fig. 21. Bight and left ventricles of the sheep’s heart, seen posteriorly. Shows the direc- 
tion of the fibres of the second layer of the right and left ventricles. See 
pages 475 & 476. 

Fig. 22. Bight and left ventricles of the sheep’s heart with the septum exposed, seen 
posteriorly. Shows how the fibres of the second layer of the septum corre- 
spond in direction with those of the second layer of the right and left ventricles 
generally. See page 476. 

Fig. 24. Bight and left ventricles of the sheep’s heart, seen posteriorly. Shows the 
direction of the fibres of the third layer of the right and left ventricles. See 
pages 476 & 477. 

Fig. 25. Bight and left ventricles of the sheep’s heart with the septum exposed, seen 
posteriorly. Shows how the direction of the fibres of the third layer of the 
septum corresponds with the direction of the fibres of the third layer of the 
right and left ventricles generally. See pages 476 & 477. 

Fig. 27. Bight and left ventricles of the sheep’s heart, seen posteriorly. Shows the 
fourth or central layer of the left ventricle, and the fifth layer of the right 
one. The fourth layer of the right ventricle is seen at p g' of fig. 23, See 
pages 477, 478, 8c 479. 

Fig. 28. Bight and left ventricles of the sheep’s heart with the septum exposed, seen 
posteriorly. Shows that the direction of the fibres on the septum corresponds 
with that of the deeper fibres of the fourth or central layer of the left 
ventricle. See pages 477 Sc 478. 

Fig. 23. Bight and left ventricles of the sheep’s heart, seen anteriorly. Shows the 
direction of the fibres of the fourth or central layer of the right ventricle (p q), 
as compared with the direction of the fibres of the undissected left ventricle 
(dd"). They run at nearly right angles. See pages 477 & 478. 

Fig. 26. Bight and left ventricles of the sheep’s heart, seen anteriorly. Shows the 
direction of the fibres of the fifth layer of the right ventricle (y> as compared 
with the direction of the fibres of the third layer of the left one (d d’). See 
pages 478 & 479. 

Fig. 29. Bight and left ventricles of the sheep’s heart, seen anteriorly. Shows the 
direction of the fibres of the sixth layer of the right ventricle (p q) as com- 
pared with the direction of the fibres of the fourth layer of the left one (d d^). 
See page 479. 

PLATE XIV. 

Fig. 30. Bight ventricle of the sheep’s heart Shows the bone of the heart (c) in situ, 
direction of the fibres of the first layer, &c. See pages 467, 468, 474, & 475. 

MDCC3CLXIV. 3 u 
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Fig. 31, Eiglit ventricle of the sheep’s heart. Shows the bone of the heart m 
direction of the fibres of the third external layer, &c. See page 476. 

Note , — ^The fourth or central lay^ of the right ventride is seai at of 
%. 23, Plate XIII. 

Fig. 32. Bight ventricle of the sheep’s heart. Shows the direction of the fibres of the 
fifth layer of the right ventricle, fleshy pons, &c. See pages 478 & 479. 

Fig. S3. Bight ventricle of the sheep’s heart. Shows the direction of the fibres of the 
sixth layer of the right ventricle. See page 479. 

Fig. 34. Eight ventricle of the sheep’s heart, seen anteriorly and from the left side. 

Shows the first layer of the septum dissected from within, or from the left 
side, and how the fibres of the first external layer of the right ventricle bend 
or double upon themselves to become continuous with fibres having a similar 
direction on the septum. See page 468. 

Note . — The second layer of the right ventricle is omitted. (See of 
fig. 22, Plate XIII.) 

Fig. 35. Eight ventricle of the sheep’s heart, seen anteriorly and from the left side. 

Shows the fibres of the third layer of the septum dissected from within or 
from the left side, and how the fibres of the third layer of the right ven- 
tricle bend or double upon themselves, anteriorly and posteriorly, to become 
continuous vrith those on the septum having a similar direction. See 
page 476. 

Note . — The fourth or central layer of the right ventricle is omitted. (See 
of fig. 23, Plate XIII.) 

Fig. 36. Eight ventricle of the sheep’s heart, seen anteriorly and from the left side. 

Shows the fibres of the septum dissected from within or from the left side, as 
in the two preceding figures, also how the fibres of the fifth layer of the right 
ventricle are continuous on the septum, anteriorly and pcsteriorly. See pages 
478 & 479. 

Fig. 37. Eight ventricle of the sheep’s heart, seen anteriorly and from the left side. 

Shows the fibres of the septum dissected from within or fi’om the left ride, as 
in the three preceding figures, also how the fibres of the sixth layer are con- 
tinuous on the septum, anteriorly and posteriorly. See page 479. 

Note . — ^The seventh or last internal layer is omitted. 

Fig. 38. Hrd’s-eye view of the base of the ventricles of the swan’s heart. Shows the 
right and left auriculo-ventricular openings, with the mi^cnlar and bicuspid 
valves in dtu. See pages 470, 471, & 472. 

Fig. 39. The ventricles of the heart of the swan, seen from the right side. Shows the 
right side of the septum and the posterior portion of the muscular valve in 
position (^), also how the fibres from the upper third of the septum and left 
ventricle posteriorly enter into the formation of the imam: half of the musmi- 
lar fold. !^e pages 470, 471, & 472. 
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Fig. 40. Bigkt md IdS, ventricles of the tuxkef’s h^ri, opened anteriorly. Shows the 
somewhat triangular shape of the muscular valve (i) of the right ventricle of 
riie bird, with its spindle-shaped muscular band (h), as contrasted with the 
miterior and inner s^ment of the bicuq)id valve (v) of the left ventricle, 
with its chordse tendineae and musculus papillaris (y). The spindle-shaped 
muscular band is to the muscular valve of the right ventricle of the bird 
what the anterior musculus papillaris and its chord® tendine® axe to the ante- 
rior segment of the bicuspid valve of the left ventricle. See pages 470, 471, 
& 472. 

Fig. 41. Tmnsverse section of the ventricles of the heart of the emu, half an inch from 
the base, seen from below. Shows the shape of the right and left ventricular 
cavities, and the appearance presented by the muscular valve (yi) when viewed 
from beneath. See pages 470, 471, & 472. 

Fig. 42. The heart of the dugong, seen anteriorly. Shows the peculiar plaited arrange- 
ment of the fibres of the ventricles, and the bifid or double apex. See page 448. 
a. Aorta. 

k. Pulmonary artery opened into, so as to expose the sigmoid or semilunar 
valves. 

c. Left auricle opened into. 
d d\ Plicated arrangement of the external fibres. 
z. Plicated arrangement of the internal fibres, 
e. Segment of the tricuspid valve. 
jp. Anterior musculus papillaris of the right ventricle. 
y. Portion of the left ventricular wall and posterior musculus papillaris with 
chord® tendine®. 
m. Right apex. 

71. Left apex. 

Fig. 43. Right and left ventricles of the heifer’s heart, seen posteriorly, the right 
ventricle being opened into, to show the arrangement of the carne® column®, 
muscuii papillares, &c. See pages 469 & 470. 

Fig. 44. Right and left ventricles of the human heart, seen posteriorly, the right ventri- 
cular wall being opened into, to show the distribution of the came® column® 
and muscuii papillares. Shows the comparatively reticulated structure of 
the came® column® and the bifid nature of the muscuii papillares, &c. See 
page 470. 

PLATE XV. 

Fig. 45. Right and left ventricles of the sheep’s heart split up or separated from each 
other anteriorly. Shows how the fibres of the right and left ventricles are con- 
tinuous with fibres having a similar direction on the septum. See page 466. 
h External fibres of the right ventricle becoming continuous, in the track for 
3 u 2 
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the anterior coronary artery (o o), with fibres having a similar direction 
on the septum (Z) by simply bending upon themselves. 
n. Fibres of the septum passing from above downwards to become continuous 
in the track for the anterior coronary artery (p^) with the external 
fibres of the left ventricle (m), these fibres winding in a spiral direction 
from above downwards to enter the left apex, not by simply bending 
upon themselves, but by twisting rapidly round in a whorl. 

Fig. 46. Base of the ventricles of the heifer’s heart, as seen from above, posteriorly. 

Shows the relative position and shape of the auriculo-ventricular openings 
and the orifices of the large blood-vessels. It also shows how the external 
fibres curve out of the former all round. See pages 464, 470, 472, 473, 
&483. 

Fig. 47. Right and left ventricles of the heifer’s heart laid open, seen posteriorly. 

Shows the position and shape of the muscuLi papillares and carneae columnae. 
See pages 460, 461, 469, & 470, 

Fig. 48. Left ventricle of the heart of the American elk, inverted. Shows the complete 
absence of carneae columnae, and the undeveloped condition of the musculi 
papillares. See page 461. 

Fig. 49. Transverse section of the right and left ventricles of the deer’s heart, half an 
inch from the base. Shows the shape of portions of the right and left ventri- 
cular cavities, and how the right ventricular cavity curves round, or is applied 
to the left. See pages 480 & 481. 

Fig. 50. Transverse section of the right and left ventricles of the deer’s heart, rather 
less than an inch and a half from the base. Shows the same as last sec- 
tion, and in addition how the fibres of the right ventricle dip in at the ante- 
rior coronary groove (m) to become continuous with fibres having a similar 
direction on the septum (^). See page 481. 

Fig. 61. Transverse sections of the right and left ventricles of the deer’s heart, two 
and a half inches from the base. Shows the same as the two preceding 
sections. See pages 481 & 482. 

Fig. 52. Transverse section of the left ventricle of the deer's heart, three and a half 
inches from the base, and fully half an inch from the apex. See page 482. 

Fig. 53. Transverse section of the left ventricle of the deer’s heart, a quarter of an 
inch from the apex. See page 482, 

Fig. 54. Left ventricle of the sheep’s heart, seen posteriorly. Shows how the fibres 
composing the inner half of the central layer of the left ventricle (f) pass 
through the septum (^). See page 478. 

Diagram 1, Plate XV. Sheet of net with threads of wool drawn through it at intervals 
to represent the fibres, laid out lengthwise or across the body. Shows how by 
folding in a portion of the sheet (B C) and rolling it obliquely upon itself in 
the direction of the arrow marked E, until three and a half toms have been 
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made, a cone is produced whose anterior wall consists of four layers (the poste- 
rior wall consists of three), the lines composing these layers having different 
directions, as represented at Plate XVI. diagrams 4 & 5, and at Plate XII. 
figures from 1 to 8 inclusive. See pages 484, 486, & 486- 

Diagram 2, Plate XV. Double sheet of net, the one sheet (F G Y) being laid itpon the 
other (A B X) at a slight angle. Shows how when the two sheets thus arranged 
are rolled up together the cone produced is bilaterally symmetrical, as might 
be imitated (Plate XVI.) by placing the cone marked diagram 5 within that 
marked diagram 4. It also shows how the Lines composing the sheets enter 
the apex in a whorl in two distinct sets (Plate XVI. diagrams 7, 10, & 12, E F), 
after which they wind from the apex towards the base, likewise in two sets 
(Plate XVL diagram 11, X Y). See pages 486 & 487. 

G. Point w^hich when the sheets are rolled into a cone corresponds to its 
apex, that portion of the uppermost sheet marked X assuming the 
position of the anterior musculus papillaris (Plate XVI. diagrams 8, 9, 
& 11, Y), that portion of the lower or undermost sheet marked X 
taking the place of the posterior musculus papillaris (Plate XVI. diar 
gram 11, X). 

PLATE XVI. 

Diagram 3. Sheet of net with threads of wool drawn through it at wide intervals, rolled 
up in a cone as explained, the cone being placed upon its apex. Shows how 
lines originally of the same length make fewer turns of a spiral from winding 
round wider portions of the cone. It also shows how the apex of the cone 
may be enlarged by removing in succession the lines w*hich make the greatest 
number of spiral turns, and which, curiously enough, overlap the lines which 
make the fewest number of turns. See pages 484, 485, & 486. 

Note . — Tlie lines in this diagram correspond with the hues in diagram 1, 
Plate XV., bearing similar letters. 

Diagrams 4 & 6. Anterior and posterior views of a cone produced by rolling a sheet of 
net upon itself, similar to that figured in Plate XV. diagram 1. In the 
cone marked 6, that portion of the sheet which forms the base (BE) has 
been folded upon itself in an outward direction, to cause the internal lines 
to reverse their direction and become paiuEel with the external ones, with 
which they unite. 

Note . — ^These diagrams show how by one portion of the sheet overlapping 
another several layers are produced, the lines composing these layers having 
different directions. They also show how the layers or overlappings are con- 
fined to different regions or localities, just as in the left ventricle, and satis- 
factorily account for the ventricular waU tapenng towards the base and the 
apex respectively. See pages 484, 485, & 486. 
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A A', dig^raia 4. lines winding in a spiral nearly vertical direction from 
above downwards, and forming the first layer (Plate XII. fig. 1, com- 
pare with the fibres marked^' and d d). These lines are continuons 
at the base and the apex with the lines forming the seventh or corre- 
sponding internal layer E E (Plate XII. %. 8, compare with the fibres 
marked o and n). 

B diagram 5. Lines winding m a spiral obHqne direction from above down- 
wards, and forming the second layer (Plate XII. %. 2, compare with the 
fibres marked /d'). These lines are continnous at the apex and the 
base with the lines forming the sixth or corresponding intemal layer D B' 
(Plate XII. fig. 6, compare with the fibres marked o 7i). 

B B', diagram 4. Lines winding in a spiral very obhqne direction from above 
downwards, and forming the third layer (Plate XII. fig. 3, compare with 
the fibres marked /d'). These lines are continnous at the apex and 
the base with the lines forming the fifth or con'esponding intemal layer 
B B (Plate XII. fig. 5, compare with the fibres marked o n). 

C O 0\ diagram 5. Lines winding in a circular or transverse direction and 
forming the fourth or central layer, which divides the three external 
from the three intemal layers (Plate XII. fig. 4, compare with the fibres 
marked /d'). It is in this layer that the three external layers terminate, 
and the three internal ones (diagram 6, B E E) begin. 

Diagram 6. A cone similar to that figured at diagram 4, with the external layers uncoiled. 

Shows the fourth, central or transverse layer, and the three internal layers. 
See pages 484, 485, & 486. 

Diagram 7. Symmetrical cone produced by the roiling of portions of two sheets within 
each other. Shows the double entrance of the lines at the apex, and how 
closely the position and shape of the muscuH papiUares may be imitated. The 
interior of this cone is seen at diagram 11, and should be compared (Plate 
XII.) with the interior of fig. 13. See pages 486 & 487. 

AB. Portion of posterior sheet, the lines composing which enter the apex 
anteriorly at E, to represent the posterior musculus papillaris X (Plate 
XII. fig. 14, compare with y). See pages 486 & 487. 

C B. Portion of anterior sheet, the lines composing which enter the apex 
posteriorly at P, to represent the anterior musculus papillaris Y (Plate 
XII. fig. 14, compare with x). See pages 486 & 487. 

Diagram 8. Symmetrical cone produced by the rollmg of two sheets of net within each 
other, similar to those figured at Plate XV. diagram 2. Shows the position 
and track of the anterior papillary muscle (Y). See pages 486 & 487. 

Diagram 9. Interior of a single sheet of net rolled up as explained. Shows how the 
spiral almost vertical direction pursued by the anterior musculus papillaris 
(Y) may be imitated (Plate XII. fig. 13, compare with ^). See jmge 484. 
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Diagmn 10. Symmetrical cone produced by rolling two sheets of net within each other. 

Shows how the symmetry of the cone is maintained hy the sheets winding 
firom opposite points, the one, the anterior (A B), winding from before back- 
wards, or from right to left, to enter the apex posteriorly (F), the other, the 
posterior (C D), winding from behind forwards, or ftom left to right, to enter 
the apex anteriorly (E) (Plate XVI. fig. 55, compare with ef; Plate XII. 
fig. 11, compare with kl). See pages 486 & 487. 

Diagram 11, Interior of symmetrical cone, as seen at diagram 7, formed by the rolling 
of two sheets of net within each other. Shows how the position and shape 
of the spiral nearly rertical anterior (Y) and posterior (X) musculi papiLlares 
may be imitated (Plate XII. figs. 12 & 13, compare with yw). See pages 
486 & 487. 

Diagram 12. Two sheets of paper with parallel lines drawn upon them, rolled within 
each other, and then permitted to spring open (seen from above). Imitates 
the double entrance of the fibres at the left apex. Compare the direction of 
the lines on the sheet ABE with the direction (Plate XVI. fig. 55) of the 
fibres a be, and also the direction of the lines in the sheet CDF with the 
direction of the fibres e df of the same figure. 

Diagram 13 represents the course pursued by a single fibre, how it winds from the 
base to the apex in one direction, and from the apex to the base in another, 
so as to return to the point from w^hich it set out. It also shows how the 
fibre is continuous towards the apex and the base. See page 485. 

ABC. External portion of the fibre winding from above downward, or from 
the base to the apex. 

D. Point at which the fibre enters the apex and alters its direction. 

E F. Internal portion of the fibre winding from below upward, or from the 
apex to the base, to return to the point A. 

Diagram 14 represents the course pursued by two fibres, each of which is similar to 
that figured at diagram 13. In this diagram the external portion of one of 
the fibres (A B C) winds from behind forwards and enters the apex ante- 
riorly (D), the external portion of the other fibre (GHIJ) vrinding from 
before backwards and entering the apex posteriorly (K). The external por- 
tions of the fibres are therefore symmetrically disposed with reference to each 
other. Similar remarks apply to the internal continuations of these fibres 
(EGH, LAM), which are only partially seen. The external and internal 
portions of the fibres are continuous, and when seen from above appear to 
form complete circles. See pages 486 & 487. 

Fig. 55. Sheep’s heart separated into its bilateral elements. See pages 457, 486, & 487. 
a b. Anterior fibres entering the left apex posteriorly (e). 
cd. Posterior fibres entering the left apex anteriorly (/). 

Diagram 15 shows how by pushing in the anterior wall (A) of the typical or left 
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Tentricle, in imitation of the constructive process in the embryo, a double 
septum unattached posteriorly (B) is produced, tl^is septum dividing the 
ventricle into two, a right or rudimentary ventricle (D), and a left or more 
complete one (C). It also shows how the fibres may be continuous or common 
to both ventricles posteriorly (B), while anteriorly (A) they dip in at the 
track for the anterior coronary artery and are to a certain extent independent 
of each other (Plate XV. fig. 50, compare with ^ and m). See pages 464, 
465, 466, 467, & 488. 

Diagram 16 shows how the posterior fold (G) of the septal duplicature, by passing 
through the posterior wall (B) until the central layer in either is reached, 
completely isolates the right ventricle (D) from the left (C), and how, by 
the atrophy of the right ventricular wnll (F) and its share of the septum (K), 
after birth, to half their original dimensions, the right ventricle (F) is reduced 
to half the thickness of the left (I) ; while the septum (H K) is three times 
as thick as the right, and a third thicker than the left. See pages 465, 466, 
467, & 488. 

Diagram 17 shows how, by the partial absorption of the posterior fold of the septal 
duplicature (K), and the passing through and blending of the right half of 
the reduplication (E) with the left (H), the ventricles are more intimately 
united, and the septum reduced until it is only a sixth greater than the left 
ventricle, — an arrangement which very nearly corresponds to the measurement 
of the actual septum between the muscuh papillares at the thickest part 
(Plate XV. fig. 50, compare o' d! with c d). It also shows how the septum 
is composed of two elements, and how one portion of it (EE) belongs exclu- 
sively to the right ventricle, a second portion (H) to the left ; while a third 
portion ( J J) belongs partly to the one ventricle, and partly to the other. See 
pages 465, 466, & 467. 

Diagram 18 shows how the right portion of the septum, as seen at EE of diagram 17, 
may become absorbed, so as to reduce the septum (H) to the thickness of 
the left ventricular wall (I) and half the thickness of the right (F) (Plate XV. 
figs. 49 & 51, compare cd with d d\ and cd, d d\ with d'). 
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XV* On the Brcdn of a Bmhwomm ; and m the Braim of two Idiots of Ikropem 
Ikscmt, By JoHS^ Mabshall, F.Il.8., Surgeon to University College Hospital 

Keceived June 18 , — ^Read June 18 , 1863 . 

The chief purpose of the present paper is to describe the convolutions of a Bushwoman^s 
brain, and also those of the two smallest human idiot brains yet on record, belonging 
respectively to a microcephalic woman and boy of English parentage. But other points 
of interest, such as the weight, size, general form, and internal structure of these brains 
and their several parts, are likewise noticed; and, in the case of the idiots, such 
information is prefixed as could be collected concerning their feeble mental and bodily 
powers. 

The attention which has recently been directed to the study of the cerebral anatomy 
of man, as compared with that of the quadrumanous animals, and the acknowledged 
scantiness of our information concerning the brain in the various races of mankind, 
induced me to request several medical friends residing in our colonies, to endeavour to 
procure certain specimens for me. 

From my former pupil, Mr, John Edward Dyer, now practising in Cape Town, I 
received in April last, in part fulfilment of a promise made to me in the previous 
August, the entire head of a Bushwoman duly prepared according to my instructions. 
I most cordially acknowledge my obligations to him. 

As a guarantee of the authenticity of the specimen, the entire head was to be sent 
with the brain in it. For this purpose, the neck was divided below the larynx; some 
strong spirit was injected into the carotid and vertebral arteries ; the skull was trephined 
over each parietal bone, and the dura mater carefully slit open, so as to allow the 
spirit to percolate into the cranial cavity. The head was then put into a tin case, which 
was filled vrith spirit, hermetically closed by soldering, and despatched to England 
without delay. On opening the case on its arrival, no decomposition was apparent in 
any part of the preserved head ; but the cerebellum was afterwards found to be some- 
what softer than the cerebrum, owing probably to an accidental want of success in 
injecting 4;he vertebral arteries, so that less spirit had been directly conveyed to the 
posterior parts of the micephalon. 

Having secured, for further identification, a plaster cast of the entire head, and four 
photographic views of it, half the size of nature, viz. a front, back, and two profile riews, 
I proceeded, by means of a longitudinal and other sections of the skull, to remove a 
sufficient portion of the left half of the cranium and dura mater to expose the corre- 
sponding side of the brain, still covered by the cerebral arachnoid and pia mater and 

MDCCCLXrV. 3 X 
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shrunken within the cramum, but having undej^one no observable flattening or dis* 
tortion. 

The membranes being dissected off, a photograph was taken of this side of the h^d, 
with the brain and spinal cord in situ, so as to put on record the bond fide relationsMp 
between them. The brain being now removed with the medulla, and both cleared 
of their remaining membranes, nine photographs, the size of nature, were taken of it. 
These views included the base and vertex, the frontal and occipital aspects, both sid^ 
a section showing the inner surface of the left half of the encephalon, the under sur&ce 
of the left cerebral hemisphere, and, lastly, the left lateral ventricle and its contents. 
The right half of the encephalon was left undissected, to serve as a museum sp^jimen, 
or for further investigation. The weight of this right half of the preserved brain bdng 
ascertained, the separated pieces of the left half, all of which had been preserved, 
weighed in three portions, so as to give the respective weights of the left cerebral 
hemisphere, and of the left half of the pons, cerebellum and medulla oblongata. By 
adding all these weights together, the total weight of the preserved brain was found; 
and by allowing proportionate values for the several parts of its undivided right half, a 
sufficiently near approximation was obtained to the respective weights, in the preserved 
condition, of the entire cerebrum, cerebellum, and pons with the medulla oblongata. 
In proof of the satisfactory character of these weighings, it may be stated that the right 
and left halves of the brain differed in weight only 20 grains, the advantage being on 
the right side, in which, however, a part of the choroid plexus was necessarily included. 
The left half was probably, as has been observed in European brams by Dr, Bom*, 
somewhat the heavier. 

To determine from the preceding data the probable weight of the recent brain and 
its parts, two modes were had recourse to — ^the first depending on the ascertained lo^ 
of weight in brains preserved in spirit, the second having reference to the cubical 
capacity of the cranium measured by means of water. It cannot be assume that such 
calculations are quite correct ; but I have given the subject careful consideration, and 
have recorded the actual weights, taken from the preserved brain, widi aU other data 
which have been employed. 

A plaster cast of the interior of the cranium, taken after putting its several pieces 
together, before the membranes were removed from the,right half, assisted in determining 
the general form, dimensions, and relative position of the parts of the recent encephalon. 

The fissures, lobes, and convolutions were studied on the preserved brain, and are 
illustrated in the several photographic views. They are compared, in the paper, with 
the same parts in the European brain, with the brain of the so-c^ed Hottentot Venusf, 
who, there seems reason to believe, was of the Bosjes race, and with the brains of the 
higher Apes. The (X)mmissures, ventricles, and ganglionic masses were also examined 
and measured on the pr^rved brain, and are nearly all shown in the photographs* 

* Philosophical Transactions, 1861, voL cli. p. 261. 

t Heitiolet, ‘Mem. snr PHs C^^ranx de THomme,’ &c. Parib, Ho date (1854?), 
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' mea^aBegoaiettte of tibe Bushwoman’s brain are tabulated at tbe ©ad of thk 

with Mmilar meamirements taken from an avei^e female Pngikli brain, tbe 
Intracranial corresponding with which is in my possession. Furthermore it has 
bem tiionght that additional interest would be given to the subject by introducing into 
the ^me Table tbe <x>mparative measurements of a young Chimpanzee’s brain, d^mb^ 
% me eliKwhere*, and also those of the two idiots’ brains hereinafter investigated. 

With re^rd to these idiots’ brains, the larger one, that of the woman, has been 
tasc^poraiily placed at my disposal, for special description of the convolutions, by my 
friend Mr. K. T. Goee of Bath, who has given a general account of this brain to the 
i^ithropological Society of London f. I have also had acce^ to a cast of the interior of 
the ermiium taken by Mr. Gore, from whom I have likewise received additional infor- 
mation relating to the woman herself. 

The analler of the two idiots’ brains, and indeed the smallest yet described, that of the 
idiot boy, has been lent to me from the Anatomical Museum of University College, Lon- 
don, by the recommendation of Professor Shaepey. It had been presented to that Mu- 
seum by Professor Jefiteb, who supplied to the Catalogue a very full and circumstantial 
account of the appearances observed at tbe post-mortem examination When living, 
this idiot was under the observation of Dr. Begley, of the Lunatic Asylum, Hanwell, 
who has kindly given me information concerning the mental manifestations of the boy 
during life. It is to be regretted that, of the skull of this idiot, nothing but the calva- 
rium is preserved, so that I could only obtain a cast of the upper half of the interior 
of the skuIL Unfortunately, though this includes the part which lodged the posterior 
lobes of the cerebrum, it scarcely extends to the posterior border of the cerebellum. 

So far as was practicable, the same method of examination was followed with the two 
idiots’ brains as with the Bushwoman’s brain. Nine photographs of the Bushwoman’s 
brain, nine of the idiot woman’s brain, and eight of the idiot boy’s were taken by Mr. Hee-^ 
BmT Watkis'S, Lithographs from Hiese accompany and illustrate this paper. 

I. THE BRAIN OF THE BUSHWOMAN. 
a. General Account, The Face and Head. 

Mr. Dyee states that the height of the Bushwoman was 5 feet, and her age doubtM ; 
but she was certainly aged. It is fair to assume that she presented no remarkable 
departure in either direction from the ordinary intellectual and moral condition of her 
race. Her height being somewhat unusual (that of the Hottentot Venus was 4 feet 
9 inches §), the question arose whether she was a Hottentot, not a Bushwoman proper. 

♦ Nat. Hast. Renew, July 1861. f Anthropological Renew, vol. i. 1863. 

$ I recently submitted these facte to the Anthropological Society of London, as will appear in the Anthropo- 
h^cal Renew for August 1863. 

§ Sc« Wmxth figures, one-fourth die height of nature, in G. Ctjtiee’s account of the Hottentot Venus, 

* Hist. Nat. des Mammif^r^,’ &c., jar I. Sr.HiLiiBjB et F. Cuviee. Paris, 1826. 

3x2 
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But a loag readmit at the Cape, who also knows Mr. Dyib, tells me flmt no 

mistake between th^ two jwople is likely to be committed by a Colonist, their habiH 
mode of life, and lar^age being quite distinct ; and moreover, from a mere glance at the 
cast and photographic portraits, he unhesitatingly pronounced the head to be that of a 
genuine Bu^woman. 

The colour of the skin is brownish black, with pale freckles an both cheeks ; the hair, 
mattered in little tufts over the scalp, is mixed grey and black. There is no trace of 
momtaches or beard, and the hairs of the eyebrows and the eyelashes m*e very sc^ty. 
The skin of the face is much wrinkled, partly from the effect of the spirit, but also from 
old age. The eyebrows are not heavy. The distance between the inner angles of the 
eyelids is great, being equal to the width of the eyeHds themselves. The conjunctive 
are shghtly stained with pigment. The root of the nose is broad and remarkably flat; 
the nose itself is short, small, and also flattened, the nostrils being viable from the front. 
The cheeks are prominent and wide ; there is great breadth opposite the angles of the 
lower jaws. The chin is square and somewhat prominent. The lower part of the face 
is only slightly prognathous ; the mouth is large and projecting ; the lips are thick, but 
rather straight in outline, the peculiar curves of the upper lip, as seen in the European, 
not being well pronounced. The ears are long, but tolerably flat to the head ; the right 
one is equal in length to the vertical distance between the eyebrows and the mouth ; 
the left one is shorter ; their cartilaginous forms are well developed ; the lobe is short 
and wide, and its posterior border glides without distinction into that of the rest of the 
ear ; the external auditory meatus is smaller than in the European, and somewhat com- 
pressed from before backwards. The incisor and canine teeth are small ; the upper 
ones are inserted somewhat obliquely, the lower ones nearly vertically. All the molars 
are wanting in both jaws, as is also the upper left premolar. The existing teeth are 
much worn, so as to appear short, the canines being quite level with the incisors, a 
proof of advanced age. The tongue is small, and the fraenum scarcely distinguishable. 

Considered as a whole, the face is characterized by the width and flatness of the 
cheeks, the extreme flatness and small size of the nose, the full mouth, and^ the mode- 
rate amount of prognathism. The general shape of the cranium, seen from above, is a 
long flattened ovoid — the greatest transverse diameter being placed a good way behind 
the ears, from which line the cranium is suddenly rounded backwards, but gradually 
narrowed off towards the forehead, the left half of which projects a little in advance of 
the right. The front, although narrow, is well elevated, so that the line of the vertex 
is evenly curved from before backwards — there being a total absence of the depressed 
forehead often observed in Negro heads. 

Subjoined are a few measurements of the head, by which it will be seen that it is by 
no means small, as r^arded from without : — 

inch^. 


Total height of the head and face 7T5 

Extreme length of the head and &ce 7*25 
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inoh^. 

Exiareme width at the parietal emmences 5*5 

Extreme depth of the cranium, from beneath the occiput 

to the vertex . 5-5 

From one external auditory meatus to the other . . . 12 5 ^ 

From the root of the nose to the occipital protuberance 12 
Circumference close above the earn ....... 21 

The proportions between the length and breadth of the cranium, which are as 100 to 
T6, show that it is not nearly so dolichocephalic as the Negro skull. In its thickness, 
however, it resembles the latter. The thinnest part on the median section is over the 
vertex, and measures 3 of an inch ,* passing backwards, the thickness of the parietal 
bone increases to *35 of an inch, whilst the occipital protuberance exceeds *5 of an inch ; 
passing forwards, the average thickness of the frontal bone is about *35 of an inch, 
increasing at the foreh^ itself to *5 of an inch. The diploe is scarcely distinguishable, 
owing to the closeness of the bony texture. There is no appearance of frontal sinuses. 
The foramen magnum measures 1*4 inch in its antero-posterior diameter and 1-3 inch 
transversely; its anterior border corresponds with a line passing across *375 of an inch 
behind the internal auditory meatuses. All the sutures at the top of the skull are 
closed ; the line of the fronto-parietal is quite obliterated, that of the sagittal suture 
nearly so, whilst the lambdoidal suture can still be traced. The squamous part of the 
left temporal bone is also absolutely joined to the frontal and parietal. The petrosal 
and other ridges in the base of the cranium are prominently marked; the crista galli is 
large, and the sella turcica deep. The internal surface of the cranium is more strongly 
marked than usual by the convolutions, especially in the orbital, frontal, temporal, and 
occipital regions, but much less distinctly so along the vertex. The auditory meatuses 
and optic foramina are small ; the cribriform lameUse are of moderate extent ; the other 
foramina are of average size. On the outer surface of the cranium the zygomatic arches, 
though of well-marked cun’ature, are slender; the mastoid processes are very small, 
and the styloid processes also slender. 

The right half of the cranium, as defined by the falx, which, together vrith the tento- 
rium, was left undisturbed, holds nearly exactly 17*5 oz. avoirdupois of water; so that 
the total capacity of the entire cranial cavity is about 35 oz, of water, which are equal 
to 60*64 cubic inches. Thus the actual capacity of the cranial cavity proved to be less 
than its external dimensions would have led one to anticipate. The capacity of the 
largest skull measured by Morton* was 114 cubic inches. The largest examined by 
Waoner'I* was 115 cubic inches; the smallest, that of an adult female, 55*3 inches. As 
measured in ounces of water, the capacity of the male Hottentot’s skull has been given 
as high as 75 cubic inches; whilst that of the Negro’s mnges from 69*3 to 60*5 cubic 
inches, that of the Malay’s skull from 62*2 to 57*1 cubic inches, and that of the Hindoo’s 

* Omnia Amerieana. PldladelpMa, 1839. 

t Tomtudien zu einer Morpk. md Pfays. des menscMclien Gehina. Leipzig, 1860. 
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as low as 46 ‘7 cubic iucbes *. Between all these example, however, the stature Imving 
been neglected, comparisons, to say the least, must be inexact ; and the height of the 
Bushwoman, a fair average one even for a European female, must not be forgotten in 
any estimate of the dimensions of her cranial cavity. 

In the Bushwoman’s head no evidence of arrested development exists, either in the 
character of the bones, or in the sutures, or in the features of the face, though a suppo- 
sition of that kind has been entertained, yet not generally assents to, in regard to the 
so-called Hottentot Venus. Certain infantile characters are undoubtedly present in the 
cranium of the Bushwoman — such as the slight elevation of the nasal bones, the absence 
of the frontal sinuses, the small size of the mastoid processes, the slenderness of the 
styloid processes, and the markings on the inner surfece of the cranium; but these 
characters should probably be regarded rather as belonging to sex or race than as indi- 
cative of any arrest of development in the individual, especially as the general propor- 
tions between the face and the cranium, the dolichocephalic form of the latter, the 
prominent cheek-hones, the square jaw, and the well-marked chin would lead to the 
opposite inference of a perfected individual development. 

b. Weights of the 3mefhal(m and its parts. 

The entire encephalon of the Bushwoman, hardened in spirit and deprived of its mem- 
branes, weighed 21*77 oz. The loss of weight in specimens of brain preserved in a similar 
way I find to be from one-third to one-fourth, i. e., as a mean, -^ths of their original 
weight, on which calculation the recent Bushwoman’s brain, deprived of its membranes, 
would weigh exactly 30*75 oz. With the membranes, the weight would be about 31 *5 oz. 

The capacity of the skull, as already stated, was equal to 35 oz. avoirdupois of water, 
or 60*64 cubic inches. If the brain, in its natural state, filled the cranial cavity as com- 
pletely as water will afterwards, it would be easy, by taking the specific gravity of 
nervous substance as compared with water, to estimate the quantity of brain which once 
occupied any given skuE ; but the fact that this is not the case, especially in regard to 
the base of the brain, and the difficulty of determining the weight of the membranes, 
the amount of blood which the vessels may contain, and the quantity of cerebro-spinal 
fluid which fills the ventricles and all otherwise unoccupied spaces, render it impossible 
thus to arrive at so definite an estimate as in the other way. 

Now tile smallest healthy European female brain recorded by Wagkee weighed about 
31*7 oz.f ; and the smallest observed by Dr. Reid, in the case of an aged woman, 32 oz.J 
These numbers, however, are unsatisfactory, as neither the heights nor the weights of 
the individuals are on record. But Dr. Boid’s valuable Tables § supply this omission, 
and thus enable us to appreciate the comparative size of the Bushwoman’s brain. 
Among 149 females between the ages of 60 and 70 years, the minimum weight of the 

* Tjedemaitn and Rvschke, quoted by Schaaphavsen, Mulleb’s ‘ Archiv/ 1858. 

t I/>e. cif. London and Edinburgh Monthly Journal, &e., April 1843. 

§ Phil<«ophical Transactions, vol. di. p. 251. 
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ancepkflioii, as famd by Dr. Boyd, was S2*5 oz.; but tiien the mitiinuim ste,ture 
ia 148 woaiBa at the same paiod of life was only 4 feet 6 inches; whilst the average 
weight of the encephalon, in the same groups of individuals, was 42*96 oz., and the average 
height 5 feet 1§ inch. Deducting the odd 2*96 oz. for the 1| inch over 5 feet, which is 
more than enough, the European female brain at that stature, and between 60 and 70 
years of age, would we^h 40 oz, ; or, again, by adding 7*5 oz. to the mininium weight 
for the difference between the minimum height and that of the Bushwoman, which 
would be about a proper allowance, we should again obtain a European average of 
40 oz. for the brain of a female measuring 6 feet at the above-named age ; whilst the 
weight of the Bushwoman’s brain, including the membranes, was probably, as shown, 
not more than 31*6 oz. 

Considering, therefore, on the one hand, the stature of the Bushwoman, and allowing, 
on the other, for her advanced age (the former justifying the expectation of a large 
brain, the latter of some comparative waste in that organ), the safe general conclusion 
is that her entire encephalon was, for her height, decidedly small. 

In the absence of positive information, it is impossible to do more than speculate 
on the ratio between the weight of the entire brain and the body in the Bushwoman ; 
but, considering her height, 90 lbs. would not be an exaggerated estimate for the latter 
quantity in health. The ratio in that case would be 1 to 45 ; whereas the mean pro- 
portions usually given for the European, dying from a sudden cause, are as 1 to 37. 

The weight of the preserved encephalon being, as already stated, 21*77 oz., the left 
half of the preserved cerebellum weighed 1*22 oz., and the left half of the pons and 
medulla oblongata *25 oz. DoubKng these halves, we have 2*44 oz. for the total weight 
of the preserved cerebellum, and *5 for the total weight of the preserved pqns and 
meduUa oblongata. Their joint weights, 2*94 oz., being deducted from the weight of 
the preserved encephalon above mentioned, gives 18*83 oz. for the total weight of the 
cerebrum. On these data, the weight of the cerebrum to the cerebellum is as 7*7 to 1. 
In the adult female European, according to Dr. Reid, the average ratio is 8*25 to 1; but 
by Dr. Boyd’s Tables it is, between 60 and 70 years of age, alK> 7*7 to 1. 

The actual weights above given, being increased in the proportion of 17 to 24, to 
allow for the loss by maceration in spirit, we arrive at a total weight of 3*44 oz. for the 
recent cerebellum, and of *7 oz. for the recent pons and medulla oblongata; and lastly, 
by deducting their joint weight, viz. 4*14 oz. from 30*75 oz., the estimated weight of the 
entire fresh encephalon, we have 26*61 oz. as the weight of the recent cerebrum. 
Distributing the estimated weight of the membranes in relative quantities, we obtain 
27*25 for the recent cerebrum, 3*45 for the cerebellum, and *8 for the pons and medulla 
oblongata, enveloped in their respective shares of membranes, making, m above shown, 
Sil'h oz. for the entire encephalon. The averse weights of the same parts in 134 Euro- 
pmi females, between the ages of 60 and 70, and measuring 5 fet 1^ inch high, 
accmrding to Dr. Boyd, are 37*13 oz. for the cerebram, 4*68 for the cerebellum, and *83 
for the pons mid medulla oblcmgata, making 42*64 oz. for the entire encephalon. 
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The ratio of the i^rehmm to the body in the Bnshwoman, a^nmed with a hei^t of 
5 feet to weigh 00 lbs., would therefore be as 1 to* 62, whilst that of the OBiebeEnm to 
the body would be as* 1 to 418 ; whereas, allowing 6 lbs. additional weight (96 lbs.) to 
the average European females of 6 feet inch high, the corr^ponding ratios would be 
1 to 41, and 1 to 328. 

Witiiout claimmg for these numbers a perfect accuracy, ^d even subjectii^ them to 
certain small corrections, they support the statement that, in reference to the body, the 
cerebrum and cerebellum are both inferior in the Bushwoman as contrasted with the 
European aged female ; and it will be seen that both organs are about equally defective, 
i. €. in. a, proportion of about *78 to 1, 

Judging from the restored figure of the Hottentot Venus’s brain, the Bushwoman’s 
brain was in its recent state only a very little smaller than it (see Plate XX. and its 
explanation). 

c. The general Form, Dimensions, and relative PosiUm of the Parts of the Encefhalon. 

The Bushwoman’s brain, injected with spirit, and hardened within the cranium, had, 
as already stated, undergone very little change of form, although it had shrunk from 
the cranial walls, chiefly over the vertex, and slightly at either end. This subsidence of 
the brain was less marked before the veins passing from its upper surface into the 
longitudinal sinus were divided. Even when removed from the cranium and denuded 
of its membranes, the brain maintained its shape, and the relations of its several parts ; 
but in describing these reference is made to the intracranial cast, and the dimensions of 
the organ are also given from that source. 

When viewed from above, the Bushwoman’s cerebrum (Plate XYII. fig. 1), like her 
cranium, presents a long and narrow ovoid form. The line of greatest width corresponds 
with the parietal eminences, and is placed rather far back, viz. at two-thirds the total 
length of the cerebrum from its anterior border, so that one-third only is behind those 
eminences. From this prominent parietal region the cerebrum slopes or falls away in 
all directions — ^very suddenly backwards, and rather so forwards, as far as the entrance of 
the Sylvian fissure, where, like the foetal brain, it appears remarkably constricted, and 
then widens again a little (Plate XVII. fig. 2) at the outer angles of the firontal region, 
which is nevertheless decidedly narrow. The left hemisphere, as seen from above, is 
•2 of an inch longer than the right, the increase being almost entirely behind. This 
relative greater length of one hemisphere backwards (usually the left, so far as I have 
observed) is very common in European brains. 

Viewed laterally (Plate XVIII. fig, 3), the parietal region is salient ; the vertex is 
low and flattened, its highest point being placed far back ; the frontal region is diallow, 
but ends in a nearly upright anterior border, whilst the beak-like projection of its median 
portion next to the longitudinal fissure is very marked, and its outer comer projects 
Qver the entrance to the Sylvian fissure. The temporal lobe is narrow, the line from 
its point to the tip of the posterior lobe being very long ; the curve formed by the undm^ 
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border of the cerebrum, above the cerebellum, is digbter, and its direction more oblique 
upwards and backwards than in the European brain, owing apparently to a want of 
downward development of the occipital region, which is very shallow. 

Viewed in front, the narrowness and want of depth of the frontal region, accompanied, 
however, by the singular projection of its outer angles and the depth of its beak-like 
projections, again strike the eye. Besides this, the orbital borders are strongly curved, 
the orbital surfaces deeply excavated, and the median beak-like portions very narrow 
and wedge-shaped; the angle formed by the meeting of the two orbital surfaces is 
smaller than in the European ; and the tips of the temporal lobes are pointed and much 
incurved towards the middle line. Altogether this is an unfavourable, and indeed 
ape-like aspect of the Bushwoman’s brain, the promise given by the better elevation of 
the frontal region 6f the skull being disappointed in consequence of the thickness of its 
walls. 

Seen from behind, the comparative prominence of the parietal regions gives an 
angular outline to the cerebrum, in comparison with its usual fuller form. The 
deficiency of height at the vertex is very striking, as w^ell as the upward inclination of 
the posterior border of the cerebrum, owing to the tapering of the posterior lobes. 

On the base view (Plate XVII. fig. 2) the general form is again that of a long narrow 
cerebrum, the details concerning each region being such as have been already pointed 
out in speaking of the lateral, front, and hind views. The orbital surfaces are espe- 
cially contracted, but have a square or human, and not a pointed or ape-like shape. 

The median section of the cerebrum (Plate XVIIL fig. 4) again shows its low, flat- 
tened, elongated form. The portions of hemisphere in front, above, and behind the 
corpus callosum measure respectively 1'3, 1*25, and 1*9 inch; whereas in the European 
they measure 1’4, 1*6, and 2*2 iuches. 

Imaginary lines drawn from the centre of the meduUa oblongata, where it intersects 
the pons, to the extreme occipital, frontal, parietal, and vertical points of the cerebrum, 
lines which I have elsewhere designated cerebral radii* ^ measure, in the Bushwoman, 
respectively 34, 40, 35, and 41 tenths of an inch ; whilst in a European female they 
measure 33, 43, 39, and 46 tenths. Accordingly the occipital radius, owing evidently 
to the length of the temporal lobe backwards, is slightly in excess, the frontal radius is 
a little defective, the parietal a little more so, whilst the vertical radius is the mmt so^ 
m compared with the European brain. 

Ihe final result of these measurements, as well as of others given in Table I. at the 
end of this paper, and of the facts elicited by the examination of the several aspects 
of the brain, is to show that in this Bushwoman the cerebrum is small but long, 
defective in width, and especially so in height; that its outlines and surfaces are angular 
and fiat, instead of rounded and full as in the European ; that, of its several regions, 
the frontal, though long, is very narrow and shallm^ much excavated below, and com- 
pressed laterally in a remarkable maimer behind its angles, in front of the Sylvian 
• Nat, Hist. Eeview, 1861, p. 304. 
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tbat €ke 3^®a is i^lativdy to the sarroimdiDg 

fffofMiient ; <iiat ^ k k^ag, but narrow, and ako remarkably 

m height ; and, la^j, tot the tanporai region is long, though somewhat ^ra5W, 

As to to religions betw^n to posterior lobes of the oerehrum jmkI to certoflam, 
to latter is ^tirely concealed by the former in the upper new of to brein (Plate 
XVIL %. 1), In the ba^ and lateral riews (Plates XVII. & XVIII. Sgs. 2 & ^ 

baokmrd projection of the c«*ehnim beyond the c^ebeilum is equ^ to *5 of an inch on 
the side, and a little more than *B on the ri^t, where to c©-eba^ h^ad^here m 
shorter. The actual amonnt of oTerlapping is therefore as great as in the 
Imt the relative overlap, as compared with the length of the c^^brum, of wMidi it 
oquals one-thirteenth part, is rather less, owing to the disproportion£Uie le^th of the 
‘Cerebrum in the Bushwoman. On the base view, less of the posteribr part of the cm:©- 
brum is seen on each side of the cerebellum than usual. The cerebellum itself, jnd^i^ 
from the intracranial casts, is more prominent at the sides, and proportionally widm* 
and longer than in the Europ^n ; but its outline is not so full and rounded, so that ite 
actual bulk is smaller. It is, however, quite human and not ape-like in shape. 

d. The Fissures, Lobes, amd Ckmvolutims of the Cerebrum. 

The Fismres. — Thefimire o/Stlyitts (Plate XVIII. %. 3, e-e) in the Bush woman’s 
brain extends well backwards, but inclines more upwards than in the European brain, 
and its course is marked, soon after its commencement, by a peculiar horizontal step. 
It measures 3 inches in length on both sides; in the European brain it is 3*5 inches. 
On the left side, it sends off a branch near its summit, which nearly reaches the vertex. 
Its depth opposite the island of Eeil is *75 of an inch, instead of 1 inch (the usual depth). 
Its margins are not very closely adapted together, especially opposite the hinder bmrder 
of the frontal lobe, which is here very defective. The fissure, indeed, is so patent that, 
without any separaticm of its margins, a portion of to island of Riil, or central lobe 
(C), though small, is distinctly visible. This condition recalls to mind the foetal state of 
the human cerebrum*, but, so far as I am -aware, is not present in any adult quadruma- 
nous brain. The defect in the frontal lobe explains the remarkable constricted form of 
the &ishwoman’s br^, already mentioned as existing at that point, a form which we 
may perhaps assume is a characteristic of the Bosjes brain, as it is equally present in 
the brain of the so-caUed Hottentot Venus, where it has also been noticed by Geatiolit 
as a foetal chamcterf . Coupled with the infantile features noticeable in to Bush- 
woman’s skull, this peculiarity becomes very interesting. 

The fismm ^Eomhdo (Plates XVIL & XVIII. figs. 1 & 3, d~d) commences 1*25 inch 
b^md the rip of the ^npoml lobe, imtead of 1*375 as in the Europ^n, just above to 
hcuizontal step <rf to %lvian fimire, from which it is sepamted as usual. * It terminates 

* Compare Tudemaiot’s Anatomic, &c, Gehims, &c. Miimberg, 1816 , taf. v. ; and Lmueet’s plates 

ami 30, Anatoime Compart 3n %steme Mervens;, &c. Paris, 1837. 
t C^. eit. plates 1 and 2, mid p. 6i, 
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feeHae ol greater wMfe of feat ; m feat it p^^es prc^KxrfeHmlly fartli^li^k fea& 

in fee Hottentot Ymm^ or ind^ Oma in fee Jfeiropeiin, as iHnstrated in fee erafeaea 
of fe^ feree bKons given hi Pkte XX. figs. 7, 8, & 9. Tiae left figure reaches a Mttle 
fefeK fean fee right ‘ 

The msiemml ^erpmAimlar Jmures (Plates XVII. & XX. fig& 1 & 9, h, h) can te 
m earily as in fee Hottentot Venus (Plate XX. fig. 8), but are soon interrupted 
^ tl^ extenal connecting coavolutksis (a, ^). Towards the sides, these fissure are cer- 
femly more earily followed than in the European — a circumstance which imj^trts a 
kiwmr clmracter to this part of fee Boges brain ; at the same time they are far more 
HEtexmpted fean in the Chimpanzee or Orang-outang (Plate XXIII. %. 20). These 
short external perpendicular fissures join, as usual, the summits of fee internal perpen- 
dkular fissures (Plate XVIII. fig. 4, k}^ and, tc^feer with fee fissurss of Eoiahoo, 
divide fee upper surface of the cerebrum into three regions. Supplying fee total 
length of the hemispheres, as semi vertically, to be represented by 100, the region in 
front of fee point of the V formed by the two fissures of RoLAitDO is equal to 65 ; 
thence to the perpmidicular fissures equals 17*5; and thence to the tips of fee poste- 
rior lobes, also 17*6. The proportions in the Eurcqiean are 57, 23, and 20 ; in the Chim- 
panzee, 49, 28, and 23. Measured longitudinally over fee vertex, fee relative spaces 
occupied by these regions are, in the Bushwoman, as 60, 15, and 25 ; in fee European, 
as 54, 23, and 23 ; in the Chimpanzee, as 46, 28, and 26. So that the fronto-parietal 
region in the Bmrhwoman appears lengthened backwards, with a proportionate want (d 
development in the purely parietal and occipital regions. 

The remarkable irregular and very deep figure (Plate XVIII. fig. 3, e-c) always seen 
on fee outer side of the frontal lobe (antero^mietal, Huxley) is very strongly marked. 
It commences about one inch behind the entrance of the fissure of Sylvius, wife which 
it is more nearly continuous than in the European brain, except in the fcetal condition ; 
passes more obliquely backwards fean usual ; and corresponds with fee place of deficimit 
width in this region already twice alluded to. 

The pm'allel fissure (f-f) on the side of the temporal lobe is more tortuous on the 
left side than in fee Hottentot Vmius, though less so fean in ordinary European brmns. 
The mf&nor temporal fismre (g~g) is comparatively short and simple. 

On the internal surface of the hemisphere, the great Jissme of the fronkf-parietal Icim 
(Phite XVIII. fig. 4, i-4\ or caUoscHmargirtal fissure^ is twice interrupted by convolu- 
tional bridges, once (as usual) in front of the corpus callosum, and once (unusualiy) 
alxwe fee middle of that body. As in ordinary European braixis, it reaches fee surfrce 
of the hemisphere, well l^hind the hinder border of fee corpus caUosum. 

The Mmml perpem^cular fismre (Plates XVIIL & XIX. figs. 4 & 5, k~k) is more 
vertical fean in fee European, but much less ^ than in the Chimp»m&ee — ^the ai^ie 
form^ by this fissure and a base-line drawn through fee corpus odlosnm being in the 
European 123° in the Bushwoman 1 15°, and in the Chimpanzee 93°. As in the Euro- 

Sy2 
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pean brain, however, tibis fissure joins the fissure of the hippocampi below (Plate XIX. 
fig. 5), whilst iu the Quadrumana it usually stops short of that fissure, owing to the 
development of a mi^xficial connecting convolution in that situation. 

The fissure of the hi/ppocmnpi (Plates XVIII. & XIX, figs. 4 & 6, 1-4^ m) is nearly 
horizontal. Its outer or calcarine portion {l-l) ends in two dballow sulci, or notches, on 
the tip of the posterior lobe; it extends a little further forwards than is customary 
beneath the corpus callosum, but is separated, as usual, from the inner or dentate portion 
(m) of the fissure by a ridge of cerebral substance (*), which connects the convolution 
of the corpus callosum (is) with the uncinate convolution (19). The dentate fissure [m) 
is shallow. The inferior middle temporal, parallel or collateral fissure (Plate XJX^ 
fig. 5, n-n) is very long and simple, and may be traced further upwards on to the 
hinder surface of the occipital lobe than usual. 

On the whole, the fissures of the left hemisphere are rather more complex than those 
of the right, which would seem to be not only smaller but inferior in organization. 
This want of symmetry is itself, however, a mark of comparative elevation. 

With a few exceptions, these primary fissures are somewhat more complex than those 
represented in Gratiolet’s figures of the brain of the Hottentot Venus ; but neverthe- 
less they are far more simple and more easily distinguished amongst the numerous 
secondary sulci than in the ordinary European brain. In this greater simplicity and 
definition of the fissures generally, in the slightly more vertical direction and step-like 
course of the Sylvian fissure, and in the decidedly more upright position of the internal 
perpendicular fissure, the Bushwoman’s brain approaches somewhat the quadrumanous 
characters; but it deviates more widely from them by the special interruption of the 
external perpendicular fissure, by the greater length and inclination backwards of the 
fissure of Eolasbo, by the more marked want of symmetry on the two sides of the 
brain, and by the greater number and complexity of the secondary sulci. 

TJie lobes, — ^Regarding the more important fissures as the true lines of subdivision 
between the cerebral lobes, we find that the frontal lobes (F), though contracted in 
width and depth, are proportionally long, that the parietal lobes (P), though high, are 
relatively contracted from before backwards, especially behind, that the occipital lobes 
(0)*are very shallow from above downwards, and very pointed, that the temporal lobes 
(T) are long and narrow, and that the island of Reil, or centiul lobe (C), is small and 
partly visible at the entrance of the Sylvian fissure. 

The cormolutiom and secondary sulci, — The orbital sidci and convolutions of the frontal 
lobe (Plate XVII. fig. 2) are certainly remarkably simple. The olfactory sulcus, which 
lodges the so-called olfactory nerve ( 0 ), has its ordinary length ; but, owing to the short- 
ness of the frontal lobe, it reaches to within half an inch of the tip of that lobe, whilst 
in the European it does not reach within one inch of that point On the inner side 
of this sulcus is seen, as usual, the edge of the great marginal convolution (i?) of the 
inner surface. To its outer side, the deep triradiate sulcus, which cuts up the rest of 
the orbital surface into a posterior convolution (iw) limiting the Sylvisua figure, an 
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iatemal convolution (m) bounding tbe olfactory sulcus, and an external curved convolu- 
tion (m) forming the outer border of the frontal lobe, consists of three short simple 
curved branches, very like those found in the Ape, instead of the tortuous suld seen 
in the European brain. The forms of the surrounding orbital convolutions thepselves, 
including the proper supraorbital (i/), are so broad and simple, that their subordinate 
divisions, which are so complex in the European brain, can hardly be said to exist. 

The frontal cmivolutions (Plates XVII. & XVIII. figs. 1 & 3 ) are, as usual, arranged 
in three stages or rows, separated from each other by two deep secondary sulci. The 
lower row (i-i) (le premier etage, Gkatiolet; infero-frontal, Huxley) is well defined, 
and intermediate in complexity between its condition in the Hottentot Venus and an 
avere^e European brain. The middle row (2^3?) (le second etage, Gb. ; medio-frontal, H.) 
resembles, in its simplicity of form and detail, that of the Hottentot Venus much more 
than that of the European brain, especially as seen from above. Posteriorly (3^) it 
joins the upper end of the first ascending parietal convolution (4), as in the Hottentot 
Venus, whilst in the European the continuity is usually interrupted by a secondary 
sulcus ; but instead of being continuous, as in the foimer, in front of the Sylvian fissure, 
with the lower frontal, it is there separated from it, as in the latter. The upper row ( 3 - 3 ?) 
of frontal convolutions (le troisieme etage, Ge. ; supero-frontal, H.), in its proportion to 
the other two rows and its subordinate divisions, approaches nearer to the European 
type ; but it is simpler, and in the upper view (Plate XVII. fig. 1 ) much narrower, 
narrower even than those figured in the Hottentot Venus. As usual, it joins ( 3?) the first 
ascending parietal convolution ( 4/), behind and above, in front of the fissure of Kolaxdo. 
Along the border of the longitudinal fissure, where it is blended with the great marginal 
convolution, it is less frequently notched than in the European brain ; so that one par- 
ticular notch (in front of 3/) becomes very e\ident. In this respect the resemblance is 
very close to the Hottentot-V enus brain ; but the left notch is further back than the 
right, instead of the reverse. In the European brain these notches are symmetrically 
placed on the two sides (see Plate XX.). 

The first-f or anterior ascending parietal convolution (Plates XVII. & XVIII, figs. 
1 & 3 , 4-4/) (premier pli ascendant, Ge. ; antero-parietal, H.) is larger and more pro- 
nounced in its form than in the Hottentot Venus; in its general mass it approaches the 
European character; but it has fewer secondary sulci, and, as already stated, joins 
anomalously the middle frontal row. It is broader on the right side than on the left. 
As usual, it forms the anterior border of the fissure of Rolando, joins at its lower end 
the supramarginal convolution (4'/-5ff) which limits that fissure below, and at its upper 
end runs forwards into the upper row of frontal convolutions, and. backwards around 
the upper end of the fissure of Rolando into the second or posterior ascending parietal 
convolution (5). In the brain of the Hottentot Venus (see Plate XX.), this last-named 
connexion is almost concealed within the longitudinal fissure ; wfrereas in the European 
brain it is superficial, owing to the greater upward development of this part of the brain. 
In the former case the hinder end of the fissure of Rolando loses itself in the longitudinal 
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whilst m the latto* it stops short of that Oi the left side the Birfi- 

wonnai’s brM pleats European character, whilst on the r%ht side it has the 
Hottentot-Venns character. As in the case of the deep notch in the upper frontal con- 
w>lutioo8, the teure of Eolando extends further back on tiie left hemisph^fe than on 
ise right. In the Hottentot-Venus brain the reverse is the ca^. From all this it may 
be deduct that in the Bushwoman s brain the lefr frontal r^on is developed further 
biK^:wards than the right, whilst in the Hottentot Venus the condition is reve^d. 

The^os^mor mcmdm^ parietal cmvoMion (Plates XVIL & XVIII. figs. 1 & 3, &~s) 
(ieuxieffie pli ascendant, Gr.; postero-parietal, H.) holds, as regards size and complexity 
of modelling, a position between the Hottentot and the European brain, but on the 
whole is nearer to the former than the latter (Plate XX.). But, as seen in the l^ral 
view (Plate XVIII. fig. 3), its lower and posterior border is joined, as in the European 
brain, by a superficial connecting convolution (*) with the lobule (a-a) of the supramar- 
ginal convolution above and near the upper end of the Sylvian fissure, whilst in the 
Hottentot-Venus brain this is not the case. On the left hemisphere this posterior 
ascending convolution is broader and more complex in form than in the Hottentot 
Venns, or indeed than in many European brains ; but on the right side it is quite simple 
and unusually narrow. It ends posteriorly, as is the rule, in its so-called “ lobuU'^ 
(lobule du deuxieme pli ascendant, Gk. ; postero-parietal lobule, H.), a triangular mass 
of ^condary convolutions more or less variable in different brains, and even on the two 
sides of the same brain. In the Bushwoman’s brain these lobules are, in point of size 
and complexity, intermediate between those of the Hottentot Venus and the ordinary 
European, but are nearer to the latter than the former. On the left side, however, the 
hinder border of the lobule is absolutely defined on the surface, owing to the deep position 
there within the external perpendicular fissure of the upper external connecting convo- 
lution (fit), or first external “ pli de passage ” of Geatiolet. In this point the Bush- 
woman’s brain is more ape-like than even that of the Hottentot Venus (see Plate XX.). 

The supramarginal convolution (Plate XVIII. fig. 3, 4ff-sff) connects, as usual, the two 
ascending parietal convolutions below the lower end of the figure of Kolaedo, and there 
forms the step-like border of the Sylvian fissure already alluded to, which is now seen 
tu depend on the great downward development of the two ascending parietal convolu- 
tions. The anterior part of the supramarginal convolution, which overhangs the island 
of Reil, and is continued into the inferior frontal and adjacent orbital convolutions, is 
^antily developed, in correspondence with the open state of the Sylvian fissure, and frie 
constricted form of the brain at this point. 

The cmfral or island of Reil (C), is snmll on both sides of the brain, but is son^ 

what larger on the right side than on the left; its total length is 1*76 inch on the 
left side and 1*5 indi on the right, whilst its average length, in an ordinary Europ^m 
brain, is from 1*75 inch to 2 inches. On the left side it is subdivided into three ehirf 
radiating convolutions, the middle one of which is partially subdivided by a slight sulcus; 
on the right side this middle portion is more deeply subdivided ; so that there are four 
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radiaiiE^ oonvoktioas on both sde^ but on i%ht aie Itee appear krg^ than m 
the In the Europ^a brain ^ese radiating eonvolnticms again snMi^de %km% 
th^ upp®* aiwi out^ borders, so as to appear stiU more nian^oua 

The hinder end of the mpramargiml convolution es^ands, as usual, into its f o-ca31ed 
(Plates XVIL & XVIII. figs. 1 & 3, a-a), which is described by GEATiOiffl 
as a part peculiar to Man — a statement undoubtedly true if the lobule be regard^ 
merely as an expanded or highly developed portion of the supramarginal convolutimi 
itself, but not to be accepted as implying that the lobule is an entirely new part of the 
cerebrum, wholly unrepresented in the quadramanous brain. Even as regarded in the 
former light, the condition of this lobule of the supramarginal c»nvoluticm in the Bnsh- 
woman’s brain is of special interest. It protrudes in her brain in the form of a Imge 
nearly quadrangular mass, situated esaclly beneath the parietal eminence of the skull, 
and corresponding therefore with the line of greatest width of the cerebrum ; it overhangs 
the upper part of the Sylvian fissure ; it is connected in front, by a partially concealed 
convolution (*) already mentioned, with the posterior ascending convolution, above 
with the lobule of that convolution, and behind with the bent convolution (a); and 
it is marked by several secondary sulci. In all these particulars it resembles the part in 
the European brain, but it is somewhat smaller. On the other hand, it is decidedly 
superior to that of the Hottentot-Venus brain, being larger and more complex, pro- 
jecting more over the Syhian fissure, and having a more superficial connexion vrith the 
posterior ascending convolution. Eelatively it is one of the most developed parts of the 
Bushwomau’s brain. 

The bent convolution (pli courbe, Gk,), which limits the summit of the Sylvian 
fissure, is connected in front with the lobule of the supramarginal convolution, mid, 
turning downwards, sinks in between the upper external temporal (Plate XVIII. fig. 3,?) 
and middle temporal (s) convolutions, on the left side, as is usual; whilst on the right 
it contmu^ superficial, but does not join the superior temporal convolution as in the 
Hottentot-Venus brain ; in the latter brain it is a simple though somewhat tortuous 
convolution, whilst in the European bmin it is represented by two or more convolutional 
folds. It is decidedly defectively developed in the Bushwoman s brain. 

The three rows of external temporal convolutions (Plates XVII. XVIII. & XIX. figs. 2, 
3, & 6) are intermediate in character between the European and Hottentot condition . On 
the left side they are more complex than on the right, where they resemble moi-e nearly 
Ihose of tire Hottentot Venus. The t^er temporal^ or mframm'giml conmmUm { 7 ^ 7 ) 
{pU temporal superieux, Gr. ; antero-temporal, H.) is bent, and somewhat constadd«d, 
^posite the ends of the ascending parietal convolutions, at the peculiar horizoirtal 
of the Sylvian fissure. It is sepamted from the bent convolution, as usual, by a ^joudaiy 
sulcus. As in the Hottentot Venus, it is proportionally wider than in the Ewopean 
bmin. The miidh tm^&reA comd%^m (s-s) (pli temporal moyen, G®., medio-tem- 
poi^ H.) is narrower, more tcrrtmous, and riightly more complex than in fhe Hoitt^tot 
but not nearly so wide or so much intersected with secon^y sulci in the 
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European. The lomm* temfotal comohdion (jko) (pli temporal inferieur, Ge. ; postero- 
temporal, H.), whidi is not well defined along its upper border, also approaches the 
European rather than the Hottentot type, but is much less complicated than the former. 

The three rows of ocdjpital comoluUom (Plates XVII. &: XVIII. figs. 1 & 3, lo, n, 12 ) 
(plis occipitaux, superieur, moyen, et inferieur, Ge. ; super-, medio-, and infero-occi- 
pitd, H.), which in quadrumanous brains of moderate complexity (as in Cercopithecus) 
are simple and easily distinguishable, but which in the anthropoid Apes assume a 
puzzling complexity, become, as is w^ell known, in the human brain so highly complicated 
and in'volved with the external connecting convolutions, that a detailed description of 
them is almost impossible. Considered generally, they are remarkably defective in total 
depth and in individual complexity, in the Bushwoman’s brain. The vertical depth of 
the three rows, and of their connecting convolutions, in the European brain is 2*75 inches ; 
in the Hottentot-Venus brain 2-25 inches; in the Bushwoman’s brain only 2 inches. 
This deficiency affects all three rows of occipital convolutions, but is especially notice- 
able in the inferior row, along the lower border and extreme point of the occipital lobe. 
This is perhaps the most defective region of the Bushwoman s cerebrum. 

Of the external connecting cmwlntiom already mentioned, four in number, which in 
Man interrupt the external perpendicular fissure, the u]g^eT one (a) (premier pli de 
passage exteme, Ge. ; first external annectent, H.) is on the left side superficial behind, 
but sinks beneath the bent convolution in front. On the right side it is superficial 
throughout, so as speedily to obliterate the external perpendicular fissure, and is very 
tortuous. The three remaining connecting convolutions, \iz. the second (|3), third (y), and 
lowest (^) are remarkably simple and small, occupymg so little space as, together with 
the deficiency in the bent and occipital convolutions, to account for the slight depth of 
the cerebrum in this region. They are all continuous posteriorly with the several rows 
of occipital convolutions, but are less directly connected anteriorly with the middle and 
inferior temporal convolutions than in the European, or even in the Hottentot-Venus 
brain, on the left side, ’whQst on the right side they are easily traceable into those con- 
volutions. 

On the inner surface of the hemisphere (Plate XVIII. fig. 4), the great marginal cm- 
wlution (17-17) (pli de la zone externe, Ge.) is proportionally narrow. As usual, it is 
thicker opposite the beak-like prominence of the frontal lobe, where it is subdivided 
into two parallel convolutions by an unusually simple longitudinal secondaiy sulcus. It 
is intersected above the corpus callosum by transverse radiating sulci, which divide it 
into short secondary convolutions, arranged like the stones of an arch. In both hemi- 
spheres it is twice connected (*, *), in fi*ont of and above the middle of the corpus callo- 
sum, across the great fironto-parietal fissure with the convolution of the corpus 
callosum. 

The cmmolution of the corpus callosum (is-is) (pli du corps caUeux, Ge. ; circonvolu- 
tion de I’ourlet, Eoville; callosal, H.) presents its usual characters, tumii^ round the 
posterior end of the corpus callosum (c), and becoming continuous beneath the cerebral 
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peduncle (Plate XIX. fig. 5), by a narrow ridge (*), with the middle internal or nnci- 
nate convolution (js) of the temporal lobe. The callosal convolution is large, and its 
crated upper border is well marked posteriorly. The marginal convolution is relatively 
rather narrow, and its secondary convolutions are simple. Altogether these intemal con- 
volutions are less complex thmi in the European. ‘ 

Tbe gtmdHIMeral lobule (Plates XVIII. & XIX. figs. 4 &: 5, js/) (lobule quadrilatere, 
FoviLiJi; quadrate lobe, H.), the extension backwards and upwards of the callosal 
convolution, is very well marked ; but it is short, and, in accordance with the more 
upright direction of the intemal perpendicular fissure (already described), is not quite so 
much inclined backwards as in the European. It is smoother and narrower above than 
below, instead of being wider than, or of equal width as, in the European — a condition 
which coincides with the backward extension of the ascending parietal convolutions and 
the fissure of Rolando. 

Of the three internal temporal convolutions (Plate XIX. fig. 5), the w^er one, con- 
cealed in the dentate fissure, w, and corresponding with the corps godronne of authors 
(the dentate convolution, H.), is present, but very small, the fascia dentata being only 
just recognizable. The middle internal temporal convolution ( 1 &- 19 ) (pli temporal moyen 
interieur, Gr. ; uncinate, H.), continuous upwards by the narrow ridge (#) with the 
convolution of the corpus callosum, and ending forwards in the unciform lobule (19') 
(lobule de I’hippocampe, Ge. ; and crochet of ViCQ d’Aztr), is relatively narrow and less 
prominent in the Bushwoman’s brain, the crochet being particularly small. The lower 
temporal convolution (e-9), which in fact is the same as the lower external temporal, and 
is marked off from the middle one by the parallel fissure of Gratiolet {n-n) (collateral 
fissure, H.), is very broad, though smooth. The secondary sulci of these convolutions 
are chiefly longitudinal, and more simple than in the European brain. The middle con- 
volution (19), that above the collateral fissure, is traceable round the very tip of the 
occipital lobe, and, curving upwards on its hinder aspect, joins the middle and lower 
occipital convolution ; the lower one (9) unites more directly with the lower occipital 
row. 

The bottom of the calcarine portion (l~l) of the fissure of the hippocampi corresponds 
wdth the hippocampus minor in the posterior horn of the lateral ventricle. Deeply 
seated between its two short branches behind is a ridge of cerebral substance, repre- 
sentative of the calcarine lobule of Flowek. 

The triangular occipital lobule (Plates XVIIL & XIX. figs. 4 & 5, ss-ss) (lobule occipital, 
Gr.) is of small size, and has its anterior and inferior margins more even, and its surface 
less complex than in the European brain. Owing to the less inclined position of the 
intemal perpendicular fissure, this lobule approaches somewhat nearer to the vertex 
than is customary. 

Lastly, the lower intemal connecting convolution (Plate XIX. fig. 5) (pH de passage 
inferieur interne, Ge.) which joins the lower and anterior angle of the occipital lobule 
with the adjacent part of the quadrate lobule, is represented, as usual, by a ridge con* 
MDcmxiv. 3 z 
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mded (n^ $} witto the p^-pmdicukr fissure, whkh at^ordii^y joim superfii^ly 
the fissure <rf the hippocampi Ihe internal mmectmg which ia 

the Apes oommoulj cm^es higher up betw^u the ocdpital aad quadrate lobutes 
(opposite k, as cr^mary in Man, eompletely absent ; so that the dcTetepment cf 
these internal connecting convolutions, like that of the mctemal on^ is peife(^y 
nomal« 

From a gareral consideration of the above detailed convolutional charaetem of flm 
&ishwoiaan’s brain, the following conclusions may be announce. 

1. AH the primary convolutions which exist in the human brain, viz. tiie orf)!^ cc®- 
volutions, the three frontal rows, the two ascending parietal and the pmi^al lobule, the 
supramarginal with its lobule and the bent convolution, the three external tempmial, 
the three occipital rows, those of the island of Eeil, the marginal and cailo^ ccmvolu- 
tions, the quadrate and occipital lobules, and the three internal temporal convolutions, 
are present in the Bush woman’s brain ; but, as compmod with the same parts in the 
ordinary European brain, they are smaller, and in all cases so much less complicated as 
to be far more easily recognized and distinguished amongst each other. This compa* 
rative simplicity of the Bushwoman’s brain is of course an indication of structural infe- 
riority, and indeed renders it a useful aid in the study of the more complex European 
form. On contrasting the several regions of the cerebrum, the primary convolutions of 
the upper frontal and outer parietal regions are, on the whole, the best developed ; those 
of the middle and lower frontal regions, the temporal r^on, the central lobes, and the 
inner surface the next ; whilst those of the orbital surface and occipital lobe are the least 
developed. 

2. Of the connecting convolutions, those highly important and significant folds, the 
external connecting convolutions are, in comparison with those of the European brain, 
still more remarkably defective than the primary convolutions. All four of these con- 
volutions are present ; but all are characteristically short, narrow, and simple, instead 
of being complex, and occupying a large space ; hence, though the external perpendicular 
fissure is soon filled up, the parietal and occipital lobes are more easily distinguishable 
from one another than in the European brain. The upper external connecting con- 
volution on the left side does not superficially join the parietal lobule, but sinks beneath 
it and the bent convolution. Of the internal connecting convolutions the arrangement 
is normal. 

The numerous secondary sulci and convolutions, which so complicate tiie larger ones 
in the European brains, are everywhere decidedly less developed in the Bushwoman— 
but especially so in the occipital and orbital regions, on the bent convolution, and on 
the external connecting convolutions. This is a further sign of structural inferiority, 

3. Compared with the brain of the Hottentot Venus, as that is represented by 

GE4TI0LET, the Bushwoman’s brain is, in nearly aU cases where <x»nf®aison is poMahle, a 
little, though a very little, more fulvanced and complex in its convolutional develops^nb — 
tiie one excepticm beii^ ia to the dm of the oecipkal and conhec^^ 
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ccmTOlutiaE^ wMdi are smaller in tibe BnghwaaaniL It is po^ible, liowew, Aat some 
<rf ^ appw^ifc dmplidty of tke Hofctentot-Veans brmn may be due to tbe imsTOidaWe 
loss of isffm a33d detail incidental to its long period of pr^ervation, as compared witb 
riie more r^^nt mid comparatively uninjured Busbwoman’s brain. This may account, 
for exmnple, for tbe comparative breadth mid smootbn^ of the upper frontal and of 
tbe^middle mid lower temporal convolutions in the figures of M. Geatiolet. Allowance 
being made for this, the resemblance between the convolutions of the two brains is very 
close, and serves to confirm the demonstration by that author of the relative simplicity 
wi the Hottentot-V enus brain — a simplicity which he has only seen partially paralleled 
in normal European brains, but which, in my own more limited experience, I have 
never evm seen approached in healthy brains. 

4. Whilst, then, the difference between the Bushwoman’s brain and the European 
brain, not merely as to size, but as to convolutional development, is very marked, that 
between the Bushwoman and the Hottentot Venus is very small ; and indeed if we regard 
the relative general development of the convolutions as a gauge of proximity or separa- 
tion, it is turned into a near resemblance ; and since no suspicion either of idiocy or other 
defect exists as concerns the Bushwoman, this would go far towards proving that the 
inferiority in the cerebrum of the Hottentot Venus is not due, as has been suggested, to 
an arrest of development of a personal or individual kind, but that, whilst undoubtedly 
both brains show an infantile or foetal leaning, this is to be attributed partly perhaps to 
sex, but in the main to the characterization of the race itself. 

6. As regards the question of tbe symmetry of the convolutions, it may be said that, 
although it is certainly easier to compare those of the two hemispheres in the simpler 
brains of the Buriiwoman and Hottentot Venus than in the more highly developed 
European brain, still a very cursory examination shows that in numerous particular 
points, already mentioned in our description, there is just as frequent an occurrence of 
asymmetry in the two former as in the latter, by which circumstance therefore they 
manifest a truly human character. 

6. Although not only in size, but in every one of the signs of comparative inferiority 
manifested in the lower convolutional development of the Bushwoman’s cerebrum, it 
leans as it were to the higher quadmmanous forms, yet, as regards the sum of its con- 
volutional characters, judged of by the presence or absence, the individual and relative 
size and position, the comparative complexity or simplicity, and the symmetry or asym- 
metry of particiilar fissures and convolutions, there is a greater difference between it and 
the highest Ape’s brain yet described, viz. the adult Orang s brain, thsm between it and 
the European brain (compare Plates XX. & XXIII. figs. 7, 9, & 20). This difference 
is, as one evidently would expect, especially marked in the regions peculiarly deve- 
loped in Man, viz. in the anterior outer and upper parts of the frontal lobe, in the pro- 
minmit part of the parietal lobe (that is, in the characteristically hum^ supramarginal 
lobule), and in the regions of the external connecting convolutions, especially of the 
tw© upper external ones. It is almost needless to add that there is fer less difference, 

3z2 
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in convolutional development, between the Bushwoman’s brain and the European brmn, 
than between the low^t and highest quadrumanous brains. If, indeed, we disregard 
the general differences of size and complexity, and look only to those which have b^n 
considered as special peculiarities, such as the existence of the supram^ginal lobule, 
and the joint relative development of the two upper connecting convolutions, there is 
less difference between the Bush woman and the European than between the Chimpanzee 
and the Orang. But perhaps it is premature yet to decide this latter point. It is cer- 
tain, however, that there is less difference in convolutional development between the 
Bushwoman and the highest Ape, than between the latter and the lowest quadrumanous 
animal. 

7. Finally, the establishment of the conformable development of the brains of the 
Bushwoman and Hottentot Venus (herself believed by G. Cuviee to have been a Bush- 
woman of small stature) is a step gained in cerebral anatomy; and their common infe- 
riority to the European brain may justify the expectation that future inquiries will 
show’ characteristic peculiarities in degree of convolutional development in the different 
leading races of mankind. 

e. Internal Stmctiire of the Cerebrum and Cerebellum. The Commissures^ Camtm^ 
Ganglionic masses^ and LamiwB^ studied on the Preserved Brain. 

The cerebrum. — ^The general depth of the sulci in the Bushwoman’s brain is rather 
more than half an inch ; they are deepest on the parietal region, shallower in the frontal, 
and, with the exception of the posterior part of the fissure of the hippocampi, are shal- 
lowest on the occipital lobe. They are deeper on the outer than on the inner surface 
of the cerebrum ; they are very shallow on the under surface near the tip of the tem- 
poral lobe, and also on the orbital surface of the frontal lobe. In these respects the 
Bushwoman’s brain conforms to the usual conditions. 

The average thickness of the grey matter is nearly ^ths of an inch, the extremes 
being -^ths and nearly -^ths of an inch. The thickest grey matter is in the frontal and 
parietal regions, the thinnest at the tip of the occipital lobe, as usually found in both 
human and quadrumanous brains. The proportion of white matter in the centre of the 
hemisphere (see Plate XIX. fig. 6), which forms, on a horizontal section, the centrum 
ovale, appears smaller than in the European — a condition which coincides with the 
comparative narrowness of the brain. Both the grey and the white substance are 
darker than in the European, having a peculiar yellow tint. There was much pigment 
here and there in the membranes. 

The corpus callosum (Plate XVIII. fig. 4, c) is long, but is wanting in general depth 
and in thickness at each end. As measured in the hardened brain, in thirtieths of m 
inch, its length, its greatest thickness, its least thickness, and its average thickness are 
represented by the numbers 78, 13, 5, and 6 ; whilst in the European the corresponding 
dimensions are 93, 16, 6, and 13; in the Chimpanzee I found them to he 51, 6, 2, md 
4’6, The sectional area of the longitudinally divided corpus callosum is ther^ora in the 
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BushwomaE fff of a square inch, whilst in the European it amounts to and in 
the Chimpanzee to of a square inch. Compared with the area of the internal sur- 
face of one hemisphere, the sectional area of the corpus callosum is in the Bush- 
woman’s brain ^ 1 to 26, in the European as 1 to 12'5, and in the Chimpanzee as 1 to 
28'6 ; so that the corpus callosum, thus estimated in proportion to the cerebrum, is in the 
Bushwoman only half as large as in the European, and not much larger proportionally than 
in the Chimpanzee. The anterior commissure {a) is also singularly small ; the posterior 
commissure is very slender ; whilst (probably an individual peculiarity only) there is no 
trace of the so-called soft commissure. On the whole, therefore, the system of transverse 
commissural fibres is defective ; and as the size of the medulla oblongata, in proportion 
to the unusually narrow cerebrum, is larger even than in the European (so that the 
radiating system is probably not so much diminished), it would seem as if the relative 
deficienc}^ of white substance within the hemispheres was owing in a great degree to the 
fewness of the transverse, as well, perhaps, as of other commissural systems of fibres. I have 
elsewhere pointed out the same condition in the Chimpanzee’s brain ; and it doubtless 
is associated, in the Bushwoman’s brain, with its inferior bulk and less convoluted sur- 
face. The proportional size of the corpus callosum, thus considered, offers, I believe, a 
not inconvenient test of the relative perfection of any given normal brain of certain plan. 
Comparative anatomy supports this view. Of the longitudinal system of commissures, 
the fornix is thin, the taenia setnicircularis slender, and the striae longitudinales plainly 
•visible. 

The septum lucidum, with its intervening ventricle, is large, both in depth and extent 
from before backwards. The lateral ventricle in the left hemisphere (Plate XIX. %. 6) 
proved to be a very large cavity; the body (a) measured 1’5 inch in length, the anterior 
cornu (b) between -6 and *7, the posterior cornu (c) 1*8, the descending cornu (d) 1*5; 
the corresponding numbers in an ordinary example of a European brain were 2*1, 1*4, 
1*2, and 2*6. Comparing these dimensions with the total lengths of the two cerebra 
respectively, viz. 5*8 inches for the Bushwoman, and 6*5 for the European, we get the 
following proportions: *25, *11, *31, and *43 to 1 in the Bushwoman, and in the Euro- 
pean *32, *21, *184, and *4 to 1. In the former, therefore, the body is short, the ante- 
rior comu very^ short, the descending cornu long, and the posterior cornu very long, the 
proportion being as 5 to 3. The width and depth of the posterior cornu are as remark- 
able as its length ; the width varies from *3 of an inch, opposite the projection of the 
hippocampus minor, to upwards of *4 in the wide recess behind that eminence ; the 
depth of the comu, at its deepest part, is *4 of an inch. Erom the end of the posterior 
comu to the’ extremity of the occipital lobe is *5 of an inch, that is, a little more than 
•^th of the total length of the brain, showing an unusual proximity of the posterior 
comu to the apex of the posterior lobe. The hippocampus major (e) is narrow, it 
expands at its lower end, on the anterior border of which is a single prominence, but 
otherwise there is no trace of indentation. The hippocampus minor (/ ) is of large 
dimoasions, projecting boldly into the middle of the posterior comu, and subsiding 
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gradtially Imcfcwards, bdng 1*1 inch in length, and *4 inch in greatest breiwith. llae 
sminentis collateraHs (g) is represented by a broad ^angulM- and elemted gQr&^ 
between the two hippocampi. 

On the method employed by Mr. Flowee to determine the ratio between the antero- 
median and posterior portions of the cerebrum, measured forwards and backwards from 
the point of junction of the hippocampi, I find that the antero-median portion measure 
3*75 mch^, and the posterior 2*05 inches, showing a ratio of 100 to 54’6 ; whilst the 
ordinary ratio in the European is said by Mr. Flowek to be 100 to 53 ; in the Chim- 
l^nzee it is as 100 to 52 ; so that in the Bushwoman the posterior region (thus measured 
cm its under surface) is proportionally longer, or the antero-median region propor- 
tionally shorter than in the European or Chimpanzee’s brain ; but in other Quadrumana 
the posterior region is stated to be longer still (in Hapale 100 to 62). 

As seen in the body of the ventricle, the corpus striatum (h) and optic thalamus [a) 
occupy about the same relative spaces from before backwards as in the European ; but 
both, especially the optic thalamus, appear narrower from side to side. In an ordinary 
European brain, the exposed part of the corpus striatum measured -9 inch long and 
*5 inch wide; the optic thalamus 1*3 inch long and *5 inch wide. In the Bushwoman 
the corpus striatum is *9 inch long and *3 inch wide, and the optic thalamus 1*2 inch by 
*45 inch. 

The corpora quadrigemina (Plate XVIII. fiig. 4, g) are rather small, even in propor- 
tion to the brain ; the anterior one, as usual, is the more prominent, and the posterior 
one the wider of the two. The corpora genicnlata are both well marked, though of 
moderate size. The pineal body is small; its habenulae are well developed. The 
corpora albicantia are prominently developed. The pituitary body is of moderate size. 

The pons Varolii seems proportionally large: from its upper to its lower border it 
measures *9 inch, whilst in the European brain it is about 1 inch ; the mean thickness 
of its section is, in the Bushwoman’s brain, *8 inch; in the European, *9 inch. 

The medulla oblongata is relatively wide, and so are the cerebral peduncles. The 
medulla oblongata is *85 inch wide at its widest part, offering the ratio of 1 to 6, 
instead of the ordinary ratio of 1 to 7, to the width of the cerebrum. Upon the medulla 
oblongata the anterior pyramids are well pronounced, and the corpora olivaria are narrow 
but prominent : the corpus dentatum within the latter is neatly defined and wav^ 

The cranial ner\*es generally appear small ; the olfactory nerves, however, are well 
developed. The optic nerves, commissure, and tracks are small and flattened, even 
the nerves having an unusually thin oval section. The small size of the optic tracks and 
corpora quadrigemina is interesting in connexion with the defective developmmt of 
the occipital lobes of the cerebrum, a part to which many of their fibres have been traced 
by Gratiolet. 

The cerehellwm, — ^Every part of the cerebellum (Plates XVIL & XVin. %s. 2, 3, 4^ Ce) 
is present. The lateral portions or hemispheres are especially wide- On the upper sur- 
face the square lobes are not so square as usual, but are elongated laterally, and narrow 
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exteraallj; the posterior lobes are also nairower and less curved tfiaii m Ihe ordi- 
nary Europ^i brain ; tbe superior vermiform process is long, but relatively narrow. On 
the un^r sur&c^ the amygdalae are not more than hdf the usual size, and are nmtmr 
and oblong, not broad and pyramidal in diape; the biventml lobes are, on the 
large, and, owing to the small size of the amygdalae, are |dacdl nearer to th4 middle 
line and have their laminae more vertical ; the slender lobes are also large and brcmd ; 
lastly, the lower posterior lobes, separated from the upper posterior by the usual deep 
horizontal fissure, are likewise very broad. In the vallecula, the pyramid, uvule, and 
nodxde are clearly defined, but somewhat narrow ; the posterior velum is very well 
developed. The floccules, or subpeduncular lobes, are small, being both short and com- 
pressed. On the whole, therefore, the median parts of the cerebellum are relatively 
small, whilst its hemispheres are relatively large. 

The transverse commissural, or middle peduncular fibres appear, even to the eye, pro- 
portionally more abundant than in the European, and likewise more so than in the 
Chimpanzee. A comparison of the sectional area occupied by these fibres in the pons, 
with the weight of the cerebellum, confirms this observation. The oval surface (Plate 
XXIII. fig. 23, p), which includes the ends of these transverse fibres, as divided in the 
median plane of the pons, is in the European *95 inch long by *65 inch wide, giving 
a sectional area of '6175 square inch, which, as the total \veight of the cerebellum is 
4‘68 oz., gives about T3 square inch of surface to each ounce of cerebellum. In the 
Bushwoman, the con*esponding] oval surface (fig, 24, j?) measures 1 inch by *6 inch; its 
area equals therefore '6 square inch, which, divided by the weight of the cerebellum, 
3' 45 oz., gives T73 square inch of surface to each ounce of cerebellum. In the Chim- 
panzee the equivalent measurements are *55 by *4 inch ; the area is *22 square inch ; 
the weight of the cerebellum is 2*02 oz., and the ratio of cut surface to each ounce of 
cerebellum is nearly *11 square inch. This is an important point in which the brain o£ 
the Bushwoman does not stand intermediately between the European and the Ape, but 
surpasses even the European brain. The inferior peduncles, and also the superior 
peduncles of the cerebellum, appear relatively small ; but no precise method of measure- 
ment could be adopted in regard to them. 

It is difficult also to devise any satisfactory mode of determining the number of 
laminse in any given cerebellum. If the superficial laminae be counted, they are found 
to vary so in length, that, whilst some pass round the whole sur&ce or border of the 
cerebellum, others disappear between adjoining laminae at various points, so that no 
single line can be drawn over frie surface which will cross the edges of all the super- 
ficial laminae. On frie other hand, if the deep as well as the superficial laminae be 
counted, then it is difficult to determine how small or short a fold shall be consider^ a 
distinct lamina, some of them being very short. Furthermore, the larger ones are 
often slightly grooved aloa^ their edge, and might be reckoned or not as consisting of 
two. Malacaebe *, who gives the number of laminae in the healthy cerebellum at as 
• HewwaiM»fyotoiBia. Pa^ia, 1791, p. 7. 



524 PEOPESSOB MAESHALL ON THE BBAIN OP A BESHWOMAN ; AXD 


high numbers as 600 and 780, evidently counted all the laminae he could find. I have 
adopted the plan of counting the superficial laminae only in the principal lobes and 
superior vermiform process ; whereas in the smaller parts of the organ, and in the infe- 
rior vermiform process, all the laminae have been counted. The following Tables show 
the results in the European, the Bushwoman, and the Chimpanzee, for the left half of 
the cerebellum. 

Superficial laminae only counted. 



Median 

portion. 

Lateral parts. 

Total 
lamina* in 
lateral 
parts. 

Superior 

vermiform 

process. 

Square 

lobe. 

Posterior 

superior 

lobe. 


Posterior 

inferior 

lobe. 

European 

18 

21 

13 

9 1 6 ' 5 

16 

70 

Bushwoman ...... 

23 

21 

14 

8 1 9 , 5 

14 

71 

Chimpanzee 

20 

25 

10 

i 8 1 4 i 11 

i 5 

63 ! 


Superficial and deep laminae counted. 



Median portion. 

Lateral parts. 

Inferior 1 • t, . 

Kodule. 

process. J • 

Amvgdala, 

rioccule 

European j 

37 = 28 + 9 ! 

21 

18 

Bushwoman ! 

33 = 24 4- 9 i 

20 1 

17 

Chimpanzee ^ 

34 = 29 + 5 

1 

22 1 

1 

! 17 

i 


As thus counted, the number of laminae in the Bushwoman’s cerebellum agrees very 
closely with that in the European, the differences being probably only such as might be 
met with between individuals of either race. The total number in the lateral parts or 
hemispheres is nearly identical. The differences between the upper and lower posterior 
lobes nearly compensate each other, as do those between the amygdalae and biventral 
lobes ; the square and slender lobes exactly agree. In the median portion the chief 
point of difference is found, viz. in the larger number of lamince in the upper vermiform 
process of the Bushwoman ; but then there is a smaller number in the pyramid and 
uvula of the lower vermiform process : the nodules coincide. It is worthy of note that, 
in the Bushwoman, the amygdala and floccule show but a slight defect in the number of 
their laminae, although both those parts are so remarkably small. Indeed the total 
deficiency in weight, which has previously been shown to exist in the Bushwoman’s 
cerebellum, depends essentially, not on the absence of any parts or laminae, but on the 
narrowness of these latter ; for they are obviously much finer than in the European 
brain. 

In the Chimpanzee the square lobe occupies more of the upper surface of the heiiii- 
sphere than in the European cerebellum, whilst the Bushwoman’s cerebellum presents 
an intermediate condition. The upper posterior lobe is consequently straighter in the 
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Ape, and forms less of the outer border of the hemisphere ; in this respect the Bush- 
woman also occupies an intermediate position. On the other hand, the amygdalae, 
which are very small in the Bushwoman, are ver)' large in the Ape ; whilst the biventral 
lobes are large in the former and small in the latter. The slender lobes are very broad 
in both ; the lower posterior lobes, broad in the Bushwoman, are veiy' narrow in the Ape. 
The superior and inferior vermiform processes, especially the latter, are proportionally 
more marked in the Ape than in the Bushwoman, in whom they are smaller than in 
the European, The floccules, small in the Bushwoman, are well developed in the Ape. 
In none of these particulars, then, is the Bushw'oman’s cerebellum intermediate between 
that of the European and the Chimpanzee ; nor is this the case in regard to the number 
of the laminse, for there are fewer on the whole in that animal even than in the Euro- 
pean, the particular excesses and deficiencies not appearing to be reducible to any rule. 
In accordance with the smaller bulk of this organ in the Ape, the laminae themselves 
are very much finer even than in the Bushwoman. 

In the Bushwoman the corpus dentatum is represented by a comparatively small 
oblong mass of grey matter, almost destitute of foldings, and haring its internal white 
substance ill defined. Is this connected vrith the small size of the quadrigeminal bodies 1 
In the Chimpanzee this body is long and narrow, but its foldings are distinct. 

On the w'hole it may be said, judging from its transverse commissural fibres and its 
laminae, that, with the exception of the amygdala and fioccule, and the grey matter of 
the corpus dentatum, the cerebellum in the Bushwoman is verj' well developed, and 
that, as an organ, it is far more completely evolved than the cerebrum. 

II. THE IDIOTS' BBAINS. 
a. General Account of the Idiots, 

The female idiot came of a healthy family, and died at the age of 42, of phthisis. 
Her height w^as about (probably below) 5 feet; her weight is unknowm, but she was 
well proportioned, with shapely limbs, and small well-made hands and feet ; she was 
never fat, and did not become emaciated until phthisis occurred. The general appear- 
ance of her microcephalic head, the form, size, and condition of the cranium, with other 
particulars, are described in Mr. Goke’s paper ♦. From that source, and from informa- 
tion since supplied by him, it appears that her senses were perfect, including the appre- 
ciation of heat and cold. She had memory both of persons and things ; she could say 
“ child,” “ mamma,” “ morning,” and “ good ” with tolerable distinctness ; in the report 
of Mr. Gore’s paper it is added, hut without connexion or clear meaning.” In explain- 
ing this he writes, “ I think she had some^ though probably a very imperfect kmmledge 
or c(mceptlon of the meaning of the w^ords she used ; she certainly knew what was the 
meaning of ‘ good,’ in relation to her own acts and conduct ; she was, however, quite 
incapable of anything like conversation.” It is stated that she could not count, and did 

• Anthropological Beview,vol. i, 1863. 
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not know the value of money. She was obedient to those around her, affectionate, and 
fond of carrying and nursing a doll. She never manifested any sexual propensity, though 
she menstruated regularly. She was not passionate, nor violent, but was susceptible 
of joy and fear. She could not feed herself with any degree of method or precision, 
nor could she dress herself; in walking her gait was unsteady and tottering, the heels 
not bearing with any firmness on the ground. As already stated, her articulation was 
imperfect. There is no reason to suppose that she had any sense of religion, or idea 
of futurity. 

The idiot boy was born of healthy parents. They, however, were first cousins, and 
met with great vicissitudes of fortune, accompanied, as regards the mother, with other 
causes of grief. No ancestral relative, on either side, was known to have exhibited any 
mental defect ; but a second child, also a boy, one year younger, was likewise idiotic, 
though able to walk and to talk pretty distinctly. Both children were bom at their 
full time ; the mother was not frightened when pregnant with either of them. The 
brother is also dead now*. 

The boy whose brain we are about to describe did not notice persons or things till 
he was 6 months old, and then very little. He lived in London till he was 4 years of 
age, and was then sent into the country, but he could not be taught anything ; he could 
not articulate, nor walk, nor feed himself, and was regarded as unimprovable. 

When about 10 years of age he is described as having a remarkably small head, and 
a large face ; he had a fine set of teeth, large eyes, prominent nose, receding forehead, 
and features resembling those of the male Aztec. His hands and arms were perfectly 
formed. He often put his hands into his mouth, like an infant ; he w as invariably fed, 
cleaned, and dressed by others. He smiled and cried ; he could not talk, but uttered 
inarticulate sounds. Even at this age he was unable to walk, or even stand; and 
though he grew taller and stouter, he never gained strength to move about, but sat all 
day in a chair with a rail in front, to prevent him ihom sliding out. At the age of 
10-| years he weighed, with his clothes, 37 lbs., the wmght of the clothes being 3 lbs. 
8^oz. At the age of 11 he is said to have known persons, plucking at their garments, 
looking up in their face, laughing, and clapping his hands. By wriggling his chair 
about he contrived to move it a little way from its place; still he required to be 
dressed and fed, and could not handle anything. Subsequently he became irritable, 
fretful, and noisy, crying much, and striking the sides of his chair or bedstead. He 
never manifested any further signs of intelligence, emotion, or will, or any power of 
articulate speech. It is said that the head did not grow larger during the last two 
years of his life. He died at the age of 12 from spinal abscess, followed by abscess in 
the lung. At his death the body measured, from vertex to sole, 39J inches. Various 
measurements of the body and cranium, with other particulars, will be found in a 
paper in the ‘ Anthropological Keview’f. His incapability of walking was a true accom- 

* Dr. Dow, of Earlswood Asylum, intends to piiblish an account of tliis boy’s brain. 

t For August 1S63. 
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paniment of the idiotic condition, for it existed years antecedently to any spinal affec- 
tion. 

In neither the female nor the male idiot was there found any diseased state of the 
substance of the brain. 

b. Weights of the Idiots' Encephala and their parts. 

The recent brain of the female idiot, after removal of the membranes, weighed 10 oz, 
6 grs. In the idiot boy the brain, with the membranes, weighed 8^ oz. The normal 
weight of the female brain at 42 years of age would be about 42 oz., and that of a boy 
12 years of age about 44 oz. Idiots’ brains have already been noticed weighing 20‘25 oz. 
(Todd^), 19'88 oz. (Tiedemann f), 13‘125 oz. (Owex$); and the lightest brain, not 
altered by disease, previously recorded (Theile’s case), weighed 10-6 oz.§ 

The weight of the body of the female idiot, seeing that she was of good proportions, 
about 5 feet high, but deficient in about 2 lbs. of brain, may be assumed to have been 
about 88 lbs. The idiot boy, at 10|^ years old, weighed 33| lbs. At his death, 19 months 
afterwards, his stature having increased though his growth was slow, for his ultimate 
height was only 39J inches, his weight, independent of the effects of disease, may be 
taken at 36 lbs. 

In the idiot woman the weight of the brain, after preservation in spirit for many 
years, was found by Mr. Gope to be 7 J oz., but, as subsequently weighed by myself, it 
proved to be 7 oz. 102 grs., or 7*23 oz. This weight was made up as follows: — cere- 
brum, 5*52 oz. ; cerebellum, 1*41 oz. ; pons and medulla oblongata, ’Soz. Maintaining 
similar proportions for the several parts of the recent brain, which weighed 10 oz. 5 grs.. 
the recent cerebrum would weigh 7*63 oz.; the cerebellum, 1*95 oz.; and the pons and 
medulla oblongata *42 oz. 

In the idiot boy the preser\’ed brain weighed 5*1 oz., which total weight was thus com- 
posed: — cerebrum, 3*51 oz.; cerebellum, 1*35 oz.; pons and medulla oblongata, *24 oz. 
Taking 8*5 as the ascertained weight of the recent brain, the recent cerebrum would 
weigh 5*85 oz. ; the cerebellum, 2*25 oz.; and the pons and medulla oblongata *4 oz. 

The average w'eight of the cerebrum, cerebellum, and pons with the medulla oblon- 
gata, observed by Dr. Boyd in 94 females between the ages of 40 and 50, was 37*12 oz., 
4*69 oz., and *89 oz. ; whereas the average weight of the same parts in 22 males between 
the ages of 7 and 14 w*as 40*36 oz., 4*84 oz., and ’76 oz. 

Assuming 90 lbs. to be the weight of a healthy female 5 feet high, betw’een 40 and 
60 years of age, and 88 lbs. to have been the weight of the idiot woman ; and again, 
taking 42 lbs. to be the weight of a healthy boy between 7 and 14 years of and 
36 lbs. as the weight of the idiot boy, we have the following results : — 

* Cyclop. Anat. and Phys. vol. iii. p, 719. f Philosophical Transactions, voL cxxvi. 1836, p. 502. 

X Trans. Zool. Soc. vol. i. p. 343. § Wagnee’s Yorstudien, ut supra, Th. 2. 
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Female (Boyd) 

40 to 50 yeare. 

Idiot woman. 

Boy (Boyd) 

7 to 14 jmra. 

Idiot h>y. 

Encephalon to body 

1 to 33 

1 to 38 

1 to 307 

7*9 to 1 

1 to 140 

1 to 184 

1 to 722 

3*9 to 1 

1 to 14 

1 to 16 

1 to 140 

8*3 to 1 

1 to 67 

1 to 98 

1 to 2S6 

2'6 to 1 

Cerebrum to body 

Cerebellum to body 

Cerebrum to cerebellum ... 


The relative amount of brain to body in both idiots, 1 to 140 in the woman, instead 
of 1 to 33, as in the healthy female at the same age, and 1 to 67 in the boy, instead of 
1 to 14, is very small. Absolutely, as we have seen, the idiot boy had a brain smaller 
than the idiot woman’s, in the ratio of 8*5 to 10 ; but his brain was more than twice as 
large, in proportion to his body, as that of the idiot woman was to hers. It must be 
observed, however, as is well shown in the Table, that the ratio of brain to body is far 
greater in the growing individual than in the adult ; and, allowing for that, the pro- 
portion oP brain to body in both idiots was somewhat less than one-fourth of what it 
would have been at corresponding ages in health. In neither case is the ratio between 
the idiotic and the healthy condition exactly as 1 to 4, being in the idiot woman 1 to 
4 '2 4, and in the idiot boy 1 to 4*78; so that, thus tested, instead of the boy’s brain 
being twice as much developed as the woman’s, the woman’s was comparatively a little 
larger than the boy’s. 

Again, the idiot boy’s cerebrum, absolutely smaller than the woman’s in the ratio of 
5*85 to 7'63, was, as compared with the idiot ^voman’s, about twice the proportionate 
weight in reference to the body, the one being equal to -^th part by weight of the body, 
the other being only if the two idiots be compared with the healthy con- 

dition in persons of corresponding age, then they are nearly equal in this respect ; for, 
thus studied, the idiot woman’s cerebrum is about 1 to 5 as compared with the ordinary 
proportion to the body, and the idiot boy’s about 1 to 6, the actual ratios being, in the 
idiot woman’s case as 1 to 4-84, in the boy’s as 1 to 6T2. Hence a greater superiority 
is manifested, as regards the cerebrum, in the woman, than existed in reference to the 
entire encephalon. In her the cerebellum, as we shall next show, was below its due 
size. 

Thus, the idiot boy’s cerebellum, absolutely larger than the woman’s in the ratio of 
2*25 to 1*95, is, in proportion to his body, three times as large as the idiot woman’s to 
her body — the boy’s being ^th part of his body, and the woman’s only y|^nd part of 
hers; but, again allowing for the normal differences in the proportions between the 
cerebellum and the body at different ages and in the two sexes, this extreme inferiority 
of the idiot woman is somew^hat, though not entirely redressed. For in the idiot woman 
the ratio of the cerebellum to the body, as compared with the healthy ratio, is nearly as 
1 to 2 (actually 1 to 2*35), whilst in the idiot boy it is rather less than 1 to 2 (actually 
1 to 1*8). In other words, the woman’s cerebellum reached ^frds of the natural 
standard, and the boy’s ^fths. Thus the idiot boy had not merely a cerebellum larger, 
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in proportion to his body, than the idiot woman, i. e. in the ratio of 3 to 1, but also 
larger in proportion to the healthy standard at the same age — the ratio in his fevour then 
being, however, only as 4 to 3. 

Lastly, as shown in the Table, in the idiot woman the ratio between the cerebrum and 
cerebellum is 3*9 to 1, in the idiot boy 2*6 to 1. Hence the idiot woman s cerebVum, in 
proportion to the cerebellum, is superior to the idiot boy’s in the ratio of 3 to 2. But 
comparing these abnormal proportions with those observable in healthy persons of cor* 
responding sex and age, the proportion of cerebrum to cerebellum in the idiot woman 
is to the natmral proportion as 1 to 2, and in the idiot boy as about 1 to 3. In other 
words, the cerebrum in the woman, when compared with the cerebellum, has half the 
normal proportion, whilst in the boy it has only one-third. These figures show, not 
merely the exceedingly small relative size of the cerebrum in both idiots, but a marked 
superiority on the side of the woman ; for whether we compare the actual ratios between 
the cerebrum and cerebellum in the woman and in the boy, or whether we. contrast 
their respective ratios with the healthy standards, the superiority of the female’s cere- 
brum, as compared with her cerebellum, is to the boy’s, in either case, as 3 to 2. 

The general conclusions may thus be stated. These idiots fell remarkably short in 
both cerebral and cerebellar mass : in each the deficiency in cerebral mass was greater 
than in cerebellar : the idiot boy had more cerebellum than the idiot woman : the idiot 
woman had more cerebrum than the idiot boy. 

c. The general Form, IMmensicms^ and relative Positions of the Parts of the 
Idiots Encephala, 

Judging from the intracranial cast, the general form of the cerebrum in the idiot 
woman, as compared with the noimal human cerebrum, is, when seen from above, a 
short oval rather than a long ovoid, — ^the greatest transverse diameter being about the 
middle of the mass, and having a ratio to the length of 1 to 1*14 instead of 1 to 1*3. 
Far from being concealed, the cerebellum projects largely behind the cerebrum, and 
thus gives a long figure to the whole encephalon. Seen laterally, the entire brain has a 
low, contracted, globular outline, except of course below. The cerebellum appears to 
form about a fourth part of the mass, and projects beyond the cerebrum *35 of an inch. 
In the base view% the relative preponderance of the cerebellum is again the most striking 
feature. The temporal portions of the cerebrum appear full and prominent ; no part 
of the parietal region is seen on either side of them, and no parfi of the occipital either 
behind or at the sides of the cerebellum. The frontal region is singularly short, narrow, 
and pointed, instead of square, in front. The orbital surfaces are much excavated, the 
beak-like prominence of their median portions is well marked, and a slightly obtuse 
angle is formed by the meeting of their planes in the middle line. 

In size and general form, the encephalon of the idiot woman, as represented by the 
intracranial cast, resembles at first sight that of the young Chimpanzee ; but a nearer 
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examination reveals great differences in every aspect, as is lUnstrated in the subjoined 
outline figures. 


a .a' e e' 



a. Upper view of the iatracramal cast of the cranimn of the Idiot Woman, 

a'. Ditto of a young Chimpanzee. b, i>'. Left sides of the same two casts. 

c, c'. Front views of the same. d, d'. Back views of the same. e, d. Base views of the same. 

T?.B. AD. these figures are reduced to one- third of the proper linear dimensions. 

Viewed from above (a), the general mass is more nearly oval, its greatest transverse 
diameter being opposite its centre, whilst in the Chimpanzee {ci) it is further back. The 
frontal region is not so pointed. The cerebrum does not project beyond the cerebel- 
lum, as in the Ape. Seen laterally (h, V), when the idiot’s brain is placed in its natural 
position, the base line of the encephalon slants obliquely upwards and forwards, whilst 
the Ape’s is nearly horizontal. The vertex in the idiot is turned backwards and up- 
wards, instead of directly upwards ; the frontal lobe has a smaller beak-like projection, 
and in its general mass is deeper from its orbital margin upwards. The temporal lobe 
is much larger in all directions than in the Ape ; the parietal lobe is less prominent ; 
the occipital lobe is shorter. The cerebellum, in this view, appears very much larger 
than in the Ape, seeming to occupy an area more than twice as great. In front (c, 
the general resemblance between the two casts is the most striking, — ^the differences 
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being, on tbe part of the idiot’s brain, a slightly more elevated and broader frontal 
region ; a shorter beak-like process ; less excavated orbital surfaces, so that the angle 
formed by their meeting-point in the middle line is more obtuse ; and larger, less in- 
curved, and more widely separated temporal lobes. On the posterior aspect (<?, dJ) the 
casts, on the other hand, are very different, — the cerebrum of the idiot being of l^ss width 
in the parietal region ; attenuated in length, width, and depth in the occipital region ; 
and having the cerebellum projecting at each side, and so large as to appear to tilt the 
cerebrum upwards, and to occupy in this aspect an area equal to one-third of the whole 
encephalon ; whilst in the Ape the cerebellum is overhung by the cerebrum, and forms 
a mass not more than one-fourth of the visible part of the encephalon. Seen on the base 
(e, ^), the oval shape of the entire mass, the greater width and flatness of the frontal 
lobes, the size of and width betw'een the temporal lobes, and the complete concealment 
of the posterior lobes of the brain by the voluminous cerebellum, distinguish the idiot's 
from the Ape’s brain. • 

The preceding description, and the tabulated measurements of the brains, given at 
the end of this paper, show that in the idiot woman the temporal regions manifest the 
greatest relative siz^, whilst the parietal, occipital, and frontal are very small ; whereas 
in the Chimpanzee’s cerebrum the occipital lobes have a larger relative development ; 
the frontal lobes stand next, whilst the temporo-parietal are defective. 

The cerebrum of the idiot boy, as seen from above, the only view of which we have 
an intracranial cast, differs from that of the idiot woman in being at once narrower and 
somewhat angular in its outlines. The frontal region is more pointed (indeed, singu- 
larly so), the occipital region flatter, and the parietal regions longer and more com- 
pressed. The widest part corresponds with the centres of the j^arietal regions, and is 
somewhat behind the middle of the mass. The ratio between the width and length of 
the cerebrum is 1 to 1*23; so that the idiot boy’s cerebrum is longer, in proportion to 
its width, than the idiot woman's — not from any actual superiority as to length, but 
rather owing to a deficiency in width of the whole cerebrum. As in the idiot woman, 
the cerebellum is not covered by the cerebrum behind ; but probably it was not so much 
exposed. In shape the idiot boy’s brain is so long and narrow as not to be comparable 
with the Ape’s. 

In the idiot woman the forms of the convolutions are scarcely traceable at any part 
of the intracranial cast, excepting some slight undulations about the frontal region. In 
the idiot boy they are remarkably distinct on the parietal regions, whilst the frontal and 
occipital regions are perfectly smooth. Gbatiolet regards this marking of the cra- 
nium by the convolutions as a sign of inferiority or degradation. This would appear 
to be, to a certain extent, an individual character, as it is not noticeable in the idiot 


woman. 
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d. The Msmres, Lobes, and Cmwlutiom of the Idiots' Cerebra. 

The Fissures. — Thefismre ofSTvam (Plates XXI. & XXIL figs. 12 & 16, e-e) is not 
only absolutely, but relatively short, measuring 1*3 of an inch in the idiot woman, and 
I’l in the idiot boy. In both brains it is comparatively shallow. In the idiot woman 
its direction is nearly vertical ; in the idiot boy it is more oblique, being pressed back 
by the large parietal lobe. Its posterior margin is well defined ; but the anterior mar- 
gia in the idiot boy, on the left side, is interrupted, and gives off a long branch towards 
the vertex. At the entrance of the fissure in the idiot woman is seen a slight elongated 
ridge, which runs transversely inwards and joins the feebly developed eminence (C) 
which represents the island of Heil ; in the idiot boy this ridge is very narrow, and there 
is scarcely any insular eminence. In the idiot woman its upper end is simple on the 
left side, slightly bifurcated on the right ; in the idiot boy it is more deeply bifurcated 
on the two sides. 

The fismre o/RoLAiirDO (Plates XXL & XXIL figs.* 10, 12, 14, & 16, d-d), in both 
these brains, is better marked on the right hemisphere. In the female idiot, on that 
side, it forms a simple sulcus, commencing, by a slight curve, in front of the Sylvian 
fissure, and then running, less obliquely than usual, backwards towards the longitudinal 
fissure. On the left side, the symmetry of this fissure is interfered with, in a remark- 
able manner, in both brains, by the upward intrusion of a triangular convolution, which 
appears to be the rudiment of the intended perfect anterior border of the fissure. In 
the idiot boy, on the right side, the anterior margin of this fissure is also irregular. 

It may be noticed, then, thus early, in our examination of the cerebral surface of the 
idiots’ brains, that they are at once distinguishable from the quadrumanous brains, and 
assert, even in their imperfect condition, their human character by an absence of sym- 
metry in primary fissures and convolutions, so neaidy symmetrical in the highest Apes. 

The external perpendicular fissure (Plates XXI. & XXIL figs. 10 & 14, h) can be 
traced, in the case of the idiot woman, on each side for '75 of an inch on to the surface 
of the hemisphere, defining accurately the parietal from the occipital lobe. It then 
divides into two deep sulci, the hinder one being the continuation of the fissure, which 
is not prolonged over the side of the hemisphere. In the idiot boy the external per- 
pendicular fissure cannot be traced so far outwards from the longitudinal fissure, being 
sooner interrupted by the connecting convolutions. 

The great parallel fissure (Plates XXI, & XXII. figs. 12 & 16, f-f) of the tem- 
poral lobe is well marked in the idiot woman’s brain, running at first nearly vertically, 
and then backwards on the occipital lobe. It is of unequal extent on the two sides of 
the brain, reaching, on the right side, completely to the posterior border of the occi- 
pital lobe. It presents a curious wavy course. In the idiot boy this fissure is not 
quite so extensive, and ends, on both sides, further forward on the occipital lobe ; on 
the left side it presents a simpler outline than on the right. 

On the internal surface of the hemispheres, the calloso-marginal or frontoparietal 
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famre (Plates XXI. & XXIL figs. 13 & 17, i~i}, in the idiot woman, curves as usual 
around the corpus callosum, but sooner reaches the upper border of the hemisphere, 
a little short of the hinder margin of that commissure. It is interrupted, as usual, by a 
convolution (*) just above the front of the corpus callosum. In the idiot boy’s brain this 
fissure has a similar course, and is also interrupted (♦) immediately in front of the corpus 
callosum ; but it reaches the upper border of the hemisphere opposite the hinder end 
of the corpus callosum. This fissure is nearly symmetrical, in both idiots, on the two 
sides. 

The internal per^€7idi€ular fissure {Ic) in the idiot woman is short and simple, and 
inclines back’wards from a point about half an inch behind the corpus callosum ; it 
joins the fissure of the hippocampi below, but a rudimentary connecting convolution 
exists in this situation. In the idiot boy this fissure has precisely the same arrange- 
ment. 

The fissure of the hippocampi (Plates XXI. & XXIL figs. 13 & 17, /-/, in both 
brains, is less horizontal than usual. In the idiot w^oman its calcarine portion (fig. 13, 1) 
terminates on the very point of the occipital lobe, in an open notch. On the right 
hemisphere, its anterior portion passes, as usual, a short distiincc beneath the cerebral 
peduncle ; but on the left side it curves outwards on the under surface of the temporal 
lobe, and joins a deep sulcus wdiich represents an irregular collateral fissure. In the idiot 
boy, on the left side, the fissure of the hippocampi is simple in outline and oblique in 
direction, reaches the tip of the occipital lobe, and extends forwards to the side of the 
cerebral peduncle. On the right side this fissure is represented by two deep parallel 
sulci (fig. 17, /-/), separated by a thin ridge (ac) of convolutional substance. A further 
development of the convolutions above and below would have concealed this ridge, and 
left a single fissure. 

The collateral fi’ssure (Plate XXII. fig. IT, n-n) is nonnal but simple in both idiots, 
except, as above alluded to, on the left hemisphere in the idiot woman. 

On comparing the fissures of the idiots’ brains with those of the healthy human brain 
on the one hand, and those of the Chimpanzee on the other, the following points deserve 
notice.' The Syhian fissure is both shorter and much more vertical in the idiots’ than in 
either the human or quadrumanous brain, owing evidently to the defective development 
of the fronto-parietal region of the cerebrum in its ordinary backward direction, and 
to the disproportionate size of the temporal region. In respect to the former region, 
the idiots’ brains manifest a marked inferiority even to the Ape ; for, whilst the masses of 
brain seen on the lateral aspect in the Chimpanzee, in front of and behind the Sylvian 
fissure, appear nearly equal, or even show a preponderance in front, in the idiots’ brains 
the quantity in front is only about half the quantity behind. In the healthy human 
brain, the preponderance is decidedly in the fronto-parietal region. The fissure of 
Rolaxbo, so complex and zigzag in the healthy human brain, is in the idiots’ brains, 
even on the side where it is most clearly traceable, a simple oblique sulcus, a little 
curved at its outer end, where, like the Sylvian fissure, and for the same reason, it is 
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more vertical than in the healthy cerebrum. The angle formed by the two issures ei 
Eolando posteriorly is a little more acute than in the perfect brain, owing to the 
narrownes of the brain . in front of, them. These fissures are far more simple in the 
idiots than in the highest Apes. 

The external perpendicular fissure is traceable fiirther on the upper surface of the 
cerebrum than in the perfect state, but cannot be followed at all on the lateral aspects 
of the hemispheres as in the quadrumanous brain. 

Assuming the total length of each cerebrum to be 100, the relative lengths of the 
three regions, in front of the fissure of Rolando, between it and the extern^ perpen- 
dicular fissure, and behind that fissure, when seen from above are in the preserved 
brain of the idiot woman about 46, 30, and 24 ; in the idiot boy 38, 34, and 28. In 
the healthy brain, the proportionate dimensions of these regions are 54, 23, 23. Mea- 
sured longitudinally over the vertex in the cranial casts, the same regions occupy the 
foUonnng relative spaces: in the idiot wnman, 46, 29, 24; in the idiot boy, 42, 32, 26 ; 
in the healthy brain, 54, 23. 23. In both idiots the frontal region is therefore strikingly 
defective, the parietal region is proportionally increased, whilst the occipital region 
exceeds somewhat the healthy ratio. The frontal region is larger in the idiot woman, 
the parietal and occipital regions are larger in the boy. The preponderance of the 
parietal region in the boy is very remarkable. In the Chimpanzee, the corresponding 
spaces are 46, 28, and 26 ; so that the idiot w'oman presents nearly similar proportions ; 
whilst in the idiot boy the frontal region still exhibits a marked deficiency ; whilst the 
parietal region is in exactly corresponding excess, and the occipital region equal. 

The pai'allel fissure is at first more vertical, and extends further back than in the per- 
fect brain. The internal perpendicular fissure, short and simple in its course, still 
approaches the human type in its inclination backwards, contrasting very remarkably 
with its vertical direction in the Ape. The fissure of the hippocampi is less horizontal 
than in the perfect brain, slanting upwards behind, in accordance vdth the want of 
depth in the occipital lobe — in this respect approaching the quadrumanous character. 
In the idiot woman, on the left side, this fissure is anomalous in its junction with the 
collateral fissure, which is elsewhere regular. 

!l7ie Lobes. — Considered as defined by the several fissures, and compared with the per- 
fect brain, the frontal lobes (Plates XXI. & XXII. F), in both idiots, are remarkably 
contracted both in length, in width, and in vertical height, being very short, pointed, 
and shallow^, especially in the idiot boy. The parietal lobe (Pj is defective in the 
antero-posterior direction in the idiot woman, and in the transverse direction in the idiot 
boy ; whilst it is comparatively long in the boy, and wide in the woman. The occipital 
lobe (O) is much and equally contracted in the two, especially in its vertical measure- 
ment. The temporal lobes (T) are larger proportionally than any other part of the 
eerebrum, and are fuller and rounder in the idiot woman than in the idiot boy. T!m 
central lobe, or island of Eeil (C), lies on the surface, but is slightly developed in the 
idiot woman, and scarcely recognizable as an eminence in the idiot boy. As re^ffds 
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mass, the temporo-parietal region predominates in both brains, whilst the o(»ipitai and, 
^ecially, the frontal are defective. 

Contrasting the idiots" brains with the Orang-outang’s or the Chimpanzee’s brain, the 
frontal lobe is still small, especially in the idiot boy ; the parietal lobe occupies, on the 
whole, proportionally a larger space, whilst the occipital lobe occupies less. The tem- 
poral lobes are relatively much larger and fuller, but shorter than in the Chimpanzee’s 
brain. The central lobe is much less developed ; for in the Chimpanzee this part, com- 
pletely concealed as in Man, has five radiating convolutions ; whilst in the idiot woman’s 
brain it consists only of a slight smooth eminence ; and in the idiot boy no very distinct 
elevation of the surface can be detected. 

Ths Coyiwliitions , — ^The orbital convolutions (Plates XXL & XXII. figs. 11 & 15, c-iw) 
are remarkably simple, being only slightly marked off from one another, and very 
smooth. In the idiot woman’s brain (Plate XXL fig. 11), the sulci which lodged the 
olfactory nerves are very short and shallow, especially that (o) on the left hemisphere ; they 
are repr^ented in the idiot boy’s brain (Plate XXII. tig. 15) by a slight linear depres- 
sion only on the right hemisphere, and a still smaller depression on the left. The deep 
triradiate sulci which cut up the orbital surfaces in the perfect cerebrum in so complex 
a manner, are much simplified in both the idiots’ brains ; they are more developed in the 
woman’s than in the boy’s brain, and in both cases are more developed on the right 
than on- the left hemisphere. On the right hemisphere of the female idiot brain alone 
is tins sulcus distinctly triradiate ; on the left hemisphere it is more irregular. In the 
idiot boy it is represented on the right by a shallow longitudinal sulcus, on the left by 
a slightly curved one. Accordingly the orbital surfaces are much less complex and 
smoother ev’en than in the Ape ; at the same time, with all their simplicity, the want 
of symmetry of the two sides is remarkable. 

The three rows oi frontal convolutions (Plates XXI. & XXII. figs. 10, 12, 14 & 16) 
can be distinguished on each side, above the orbital border, in both the idiots’ brains. In 
the idiot woman (fi^. 10 & 12), the inferior row{\) is represented by a short, simple, 
horizontal convolution, which speedily joins the anterior ascending convolution behind 
and the middle firontal row in front. This middle row ( a ) consists likewise of a single 
convolution bent once outwards. The ufjper row ( a ), as usual, larger and more complex 
than the others, occupies half the frontal lobe, but is still remarkably simple in form. 
The upper frontal row, as ordinarily, blends with the upper end of the anterior ascend- 
ing parietal convolution ; the middle row is joined to that convolution near its lower 
end, by the same connecting ridge as the third row. In the idiot boy (figs. 14 & 16) 
the three rows can be distinguished, but are still more simple in their form and direc- 
tion. The three rows are more equally developed, the inferior row being relatively well 
pronounced, giving a proportional breadth and squareness to that part only of the frontal 
lobe, not noticeable in the female brain. Easily discriminated in the idiots’ brains, 
both as to their position and connexions, chiefly owing to their great simplicity, these 
frontal cjonvolutions are singularly short and defective as compared with their wonder- 
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fully tortuous and complex character in the perfect brain. In comparison even with the 
Orang s (Plate XXIII. fig. 20) or Chimpanzee’s brain, they are far more simple. They 
are rather better developed in the idiot woman than in the boy. 

The two ascehdmg jgari^tal convolutions (Plates XXI. & XXII. figs. 10, 12, 14 & 16, 
4 - 41 &S- 5 ) commence, in both idiots, very far forward on the cerebrum, just above the 
entrance to the Syhian fissure, instead of, as in the perfect human brain and in the 
higher Apes, a little in front of the middle of that fissure ; they thus resemble the con- 
dition found in Cercopitliecus and other similar Quadrumana. In the perfect human 
brain these ascending convolutions, as pointed out by Gratiolet, are interposed between 
an anterior and a posterior set of longitudinal ones, which occupy the rest of the cere- 
brum — the portions in front and behind the slanting line of the ascending convolu- 
tions being nearly equal, the occipital region preponderating slightly. On the other 
hand, in the idiots’ brains the portion in front of these ascending convolutions, as seen 
either laterally or from above, is by far the smaller; indeed it is not fourth as large 
as that behind. In the Orang and Chimpanzee it is about one-third. (Compare Plates 
XX. & XXIII. figs. 7, 18, 19 & 20.) 

As usual, these ascending parietal convolutions arise from the supramarginal convo- 
lution, which unites them below the outer end of the fissure of Rolando. In the idiot 
woman, on the right side, where the fissure of Rolando is a simple sulcus, the two 
ascending parietal convolutions are also simple, forming two oblique ridges instead of 
the zigzag bands seen in the perfect human brain. On the left side, the anterior con- 
volution is represented pailly by the intrusive triangular mass ( */) before spoken of, as if 
by an arrest of development. In the idiot boy it is curious that the same condition exists 
on the same side of the cerebrum, whilst on the right side the anterior ascending con- 
volution is developing itself, as it were, into its more perfect but still simple form of an 
even oblique ridge. The symmetry between the two sides is thus again effectually de- 
stroyed in both brains. In both the idiots’ brains, as usual, the anterior ascending ^m- 
etal convolution (i-n) joins, or would have joined, at its upper end, the upper frontal row, 
whilst the posterior convolution ( 5 - 5 } expands into its so-called lohuk {u-sf which is pro- 
portionally large, has its customary lozenge-shape, and extends backwards to the exter- 
nal perpendicular fissure (A). In the idiot woman (Plate XXI. fig. 10), on the left side, 
this lobule is notched by a single deep sulcus running from the longitudinal figure ; on 
the right side it has this sulcus placed further forwards, and another slight tiiradiate one 
besides, but its surface is remarkably smooth in comparison with its complex form in the 
perfect brain, or even in the Orang (Plate XXIII. fig. 20) or Chimpanzee. In the idiot 
boy’s brain (Plate XXII. fig. 14) the lobule of the posterior ascending parietal convo- 
lution is on both sides proportionally larger, and slightly more complex in form, in 
accordance with the greater development of the parietal region in the idiot boy. In both 
the idiots’ brains the outer border and angles of the lobule are distinctly defined on the 
left hemisphere, whibt on the right hemisphere it blends at the outer border with the 
neighbouring convolutions — that is to say, with the lobule of the supramarginal convo- 
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lution (a), the bent convolution ( e ), and the second connecting convolution (|3). This 
better definition of the lobule of the left side, it is worthy of remark, is not uncommon 
in perfect European brains. In the Bushwoman’s brain, too (Plate XYII. fig. 1), 
described in the fii'st part of this paper, the lobule in question is better defined on the 
left than on the right hemisphere. In the brains of the higher Apes (Plate XXIII. 
fig. 20) the parts are more ncurly symmetrical ; so that in this region again the idiots’ 
brains manifest the human want of symmetry. 

In both the idiots’ brains the Sylvian fissure is so short that the supramarginal convo 
lidim its so-called lobule (a), and the bent convolution {^) are all three necessarily 

very small, and, indeed, are represented only by a simple convolutional band, turning 
round the front and upper end of the nearly vertical or slightly oblique Syhian fissure. 
Nothing can show" more clearly the fundamental unity of these parts, especially of the 
supramarginal convolution and its so-caUed lobule; whilst the bent convolution is a 
sort of connecting convolution betw’een the supramarginal and one of the temporal con- 
volutions, Thus understood, the very short supramarginal convolution ultimately joins, 
in both idiots, the lower frontal row" anteriorly. In the idiot w*oman it sends downwards 
and inwards a short process to the transverse smooth eminence, lying partly exposed at 
the entrance of the Syhian fissure, which expands into the rudinientarg central lobe, or 
island o/Reil (C). In the idiot boy this process is a mere ridge, and the eminence 
itself is not distinctly recognizable. The so-called convolutions of the island of Reil, or 
central lobe, are absent, even in the idiot woman, whilst in the idiot boy a plain indi- 
stinctly elevated surface occupies its usual situation. 

The supramarginal lobule (a), if defined to be a largely developed part of the convo- 
lution so named, overhanging the Syhian fissure and helping to depress its hinder end, is 
certainly absent in both the idiots’ brains ; but it is doubtless really represented by the 
part of the supramarginal convolution just in front of the hindmost bifurcation of the 
upper end of the Syhian fissure. The stracture of this part of the idiots’ brains is exceed- 
ingly simple, as simple indeed as in the Cercopithecus, far simpler than in the higher 
Apes (Plate XXIIL fig. 20). It is smaller and more simple in the idiot woman than in the 
idiot boy, is larger in both on the right than on the left side, and is largest on the right 
side in the idiot boy. In the idiot woman the supramarginal lobule is connected, on the 
right side, with the lobule of the posterior ascending parietal convolution, and also with 
the second exteraai connecting convolution ; on the left side only with the latter. In 
the idiot boy it is, on both sides, connected only wdth the latter, but by a larger and 
more tortuous band. 

The bent convolution {Plates XXI. & XXII. figs. 10, 12, 14 & 16, e), turning, as usual, 
behind the summit of the Sylvian fissure, is connected posteriorly, in both the idiots’ brains, 
with the second connecting convolution, and joins below the upper external temporal or 
inframarginal convolution (Plates XXI. & XXII. figs. 12 & 14, ;), instead of being sepa- 
rated from that by a secondary sulcus and running between it and the middle external 
temporal (s); this peculiarity is found only in the simplest quadmmanous brains, and 
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indicates a Tery great degree of simplicity in the idiots’ brains. The bent conrolntion 
itself, also, is very ample and symmetrical. The two correspond, in both brains, to the 
most prominent parts of the parietal regions, and therefore to the widest part of the cere^ 
brum, lying beneath the parietal eminences of the skull ; w^hereas in the perfect human 
brain it is the large and peculiar supramarginal lobule wMch occupies this post. 

Tfw temporal convolutiom (Plates XXI. & XXII. figs. 12 & 16) in both the idiots’ 
brains are simple in form, but large, and, indeed, in the female enormously developed. On 
both sides in the latter (Plate XXI. fig. 12) the middle temporal (»-») is the largest, the 
upper temporal or wframarginal (r--) is the next in size, whilst the lower temporal (&--«) 
is rather more moderate in size. In the idiot boy (Plate XXII. fig. 16), on both sides, 
the middle temporal is stiU the largest, but the difference is not so marked. In both 
brains there is a want of symmetry in the convolutions of the two sides, those of the 
right side being bounded by more tortuous fun*ows, and haring a few secondary sulci ,* 
whilst on the left side they are nearly smooth. They are all continued backwards into 
the diminutive occipital lobe by simple, but, in the woman, serpentine connecting con- 
volutions. 

The occipital lobe is so small in both idiots, and so slightly marked by rudimentary 
sulci, that its three ordinary stages or rows (Plates XXL & XXII. figs.l2,14&16,io.ii,i8) 
can scarcely be separately recognized ; but it may be described as consisting of a shallow, 
smooth edge of cerebral substance, so blended on the outer side with the second, third, 
and lowest external connecting convolutions, and on its under side with the internal tem- 
poral, as almost to lose its identity in those aspects, and to appear like a mere narrow 
continuation backwards of the temporal lobe itself. It is defined only on its inner bor- 
der, and for a short distance on its upper surface. 

The upper external connecting couvolufimi in the idiot woman (Plate XXI. fig. 10, a) 
does not completely bridge over the external perpendicular fissure on either side, hut 
is more nearly superficial throughout on the right hemisphere ; in the idiot boy (Plate 
XXII. fig. 14, a) this convolution dips downwards into the internal perpendicular fissure, 
becoming partly concealed on both sides. In the perfect brain (Plate XX. fig. 7) it is 
quite supeilicial throughout. In the female idiot, on the left side, the second connecting 
convolution (Plate XXI. fig. 10, ^-^) is massive and double, one part ending in the bent 
convolution, and the other in the upper temporal ; the third ( 7 ) ends in the middle tem- 
poral, and the lowest one (S) both in that and the lower temporal ; on the right side 
the second, also double and very tortuous, runs by its upper part into the parietal lobule 
and the supramarginal lobule, and by its lower part into the upper temporal, whilst the 
third and fourth are blended, and end in the middle and lower temporal. In the idiot 
boy (Plate XXII. fig. 14), on the left side, the second connecting convolution (j3-/3), very 
broad and tortuous, runs into the bent convolution, the upper temporal, and the middle 
temporal ; the third ( 7 ) and fourth (^) connecting convolutions join the middle and lower 
tempoml ; on the right side they are more tortuous, and serve to connect the same parts, 
the second one also joining the parietal lobule. In both idiots the second (j3), third. 
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fflad lowest external connecting conyolutions, though broad and superficial (the second 
being especially massive), are so simple, in comparison with their singular complexity 
and ^traordinary tortuosity in the perfect brain, as to form mere bands between the 
tmnporal and occipital lobes. Nevertheless this part of the brain, more deeply furrowed 
in the woman than in the boy, but larger from before backwards in the boy than in the 
woman, is relatively well developed, and has perfectly human characters ; for aU four 
connecting convolutions exist, instead of there being defects in one or other of the two 
upper ones, as is found in the higher Apes. They are also, as seen above, singularly 
asymmetrical. 

On the inner surface of the hemisphere tlie marginal convolution (Plates XXI. 
& XXII. figs. 13 & 17, pursues its usual course, and terminates just behind the 
upper ends of the two ascending parietal convolutions. Like these convolutions, and 
owing also to a defective development backwards of the frontal lobe, it does not extend 
so far back as in the perfect brain, but, becoming very narrow, stops, in the idiot woman, 
on the left side (Plate XXL fig. 13) at a point opposite the hinder border of the corpus 
callosum (c), on the right side somewhat short of that point. In the idiot boy (Plate 
XXII. fig. 17) it is on both sides arrested at a point a little in front of the hinder border 
of the corpns callosum. In the idiot woman, instead of the numerous radiating secondary 
sulci which in the perfect state cut up this convolution into little quadrangular lobes, 
only two or three such sulci exist, passing horizontally foiv^^ards in front of the corpus 
callosum ; below the anterior border of the corpus callosum is another rudimentary Ion* 
gitudiual sulcus, and a little depression indicative of a second ; above the corpus callo- 
sum this marginal convolution is joined, as nsual (*), to the convolution of the corpus 
callosum (is-]?), and then becomes very wide, and faintly marked 'v^ith a slight depres- 
sion. In the idiot boy’s brain the same description would suffice. In both brains its 
forms and subdivisions, simple as they are, imitate closely its general featui-es in the per- 
fect state, but are wanting in complexity. As compared with its condition in the Apes, 
it is less uniform in ^vidtli, and far less frequently subdivided by secondary sulci. 

The convolution of the corpus callosum (Plates XXL & XXII. figs. 13 & 17, is-is) occu- 
pies its customary position around that commissure, but differs from its condition in the 
perfect brain by the absolute smoothness of its surface and the absence of the peculiar 
crest-like upper margin posteriorly. It is equally smooth in both the idiots’ brains. Its 
surface is more complex in the higher Apes. In the idiots’ brains the marginal convo- 
lution (i/“) greatly exceeds in width the subjacent convolution of the corpus callosum (w), 
especially in the region in front of and below the corpus callosum — a character well 
marked also in the perfect European brain — ^whereas in the Ape the proportionate space 
occupied by the two convolutions is nearly equal. The connecting bridge of convolu- 
tional substance (*) passing from one to the other in both the idiots’ brains, on both 
hemispheres, is usually present also in the human bram, but not in the brains of ihe 
higher Apes. 

The quadrilateral lobule in both the idiots’ brains (Plates XXI. & XXII. figs. 13 
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& 17, i 8 /-i 8 r), the prolongation "upwards and backwards of the callosal convolution, is, 
owing to the deficient development of itself and of the portions of the cerebrum in front 
and behind it, less compressed than in the perfect state, so that it has a roundish and not 
angular outline, and forms a perfectly smooth, bent or knee-like, and not quadrate lobule, 
ascending in front of the internal perpendicular fissure (&). Though thus rudimentary 
and smooth, it has the oblique direction backwards characteristic of this part in the 
human brain, and not the nearly vertical position which it exhibits in the Apes* Indeed 
the angle w^hich its posterior border, bounding the internal perpendicular fissure, forms 
in both idiots with a base line passing through the corpus callosum is nearly 145°, e. 
greater than in the perfect brain, owing probably to the very scanty development of the 
occipital lobule behind it. 

The triangular ocdfiitd lohile (Plates XXI. & XXII. figs. 13 & 17, as), like the qua- 
drilateral lobule, is so feebly developed in both the idiots’ brains, that it does not appear 
to fit closely in between the parts in front and behind it, but forms a mere ridge of 
cerebral substance, widening as it passes from below' upwards and backwards to the tip 
of the occipital lobe, interposed between the internal perpendicular fissure {k) and the 
posterior part (^) of the fissm’e of the hippocampi. This simple, smooth, but slightly 
flexuous ridge takes the place then of the triangular and complexly convoluted lobule 
seen in the perfect brain. This condition coincides with the simplicity of the upper 
external connecting convolution, with the region of which this occipital lobule corre- 
sponds. It is far less developed than in the Apes. 

On the under surface of the idiots’ brains, the convolution of the corpus caUosum 
(Plate XXII. fig. 17, is) is, as usual, continued beneath the cerebral peduncle by a ridge 
of cerebral matter (*) into the middle internal temporal convolution, or uncinate convolu- 
tion (19). This connecting ridge is proportionally wider than in the perfect cerebrum ; 
it is said by Geatiolet to be peculiar to the human brain ; it certainly does not exist in 
evei 7 Chimpanzee’s brain, though it is met with again in lower Quadrumana. 

Of the internal temporal convolutions, the upper, or dentate convolution, is very narrow, 
and on neither idiot’s brain can the fascia dentata be traced. In the idiot woman, how- 
ever, the parts are much damaged here, and in the idiot boy somew'hat injm'ed also. 
The middle internal temporal convolution (Plate XXII. fig. 17, 19 ), ending anteriorly in 
the uTiciform lohule (is'), is proportionally well developed. On the right hemisphere of 
the idiot woman’s brain, the unciform teimination, or crocliet, is well marked ; on the 
left hemisphere this convolution is much narrow^er. and the crochet scarcely recognizable. 
In the boy this convolution is very broad on both sides, and the crochet neatly defined, 
though small. The lower internal temporal convolution (sks), w'hich is the same as the 
lower external one, is also well marked. On both sides these two last-named convolu- 
tions are proportionally more simple than in the perfect human brain, or even than in 
the higher Apes. They are continued, as usual, backwards into the occipital lobe, and, 
owing to the imperfect development of that lobe, seem to extend almost to its tip. 
They are broader in the idiot boy. 
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It already been stated that within the double fissure of the hippocampi, in 
the right hemisphere, in the idiot boy's brain (Plate XXII. fig. 17, l-l), there is pre- 
sent a projecting ridge of cerebral substance (sa), which appears to be the analogue of 
the calcarine lolmle^ described by Mr. Flowee in the brains of Cercopithecus, IV^acacus, 
and Cebus, but which is absent in the highest and lowest Quadrumana. It is not pre- 
sent on the left side of the idiot boy’s brain, nor on either side in the idiot woman’s 
brain. In the perfect human brain, I hare sometimes found it as a superficial ridge 
extending along the posterior two-thirds of the fissure, sometimes as a well-marked 
concealed ridge ; sometimes it is altogether absent. It is continuous backwards with 
the lowest occipital convolutions. 

The lower miemal connecting convolution (Plate XII. fig. 17, s) is feebly represented 
in both idiots, beii^, as usual, concealed in the idiot woman, but superficial in the idiot 
boy ; the upper one is absent, as usual, in both idiots. 

In the preceding account of the cerebral convolutions in the idiots’ brains, constant 
comparisons have been made between them and the perfect brain, between the brains 
of the one and the other idiot, and between both and the brains of the higher Apes. 
Notwithstanding, it is necessary to state some further general conclusions from the 
facts above recorded. 

1. In the first place it is obvious that the idiots’ cerebra are not merely diminutive 
brains possessing every convolution, both primary and secondary, proper to the perfect 
human cerebrum, each haring its natural shape, proportion and position, though on a 
diminished scale ; but, on the contrary, that they are profoundly modified in their con- 
volutional forms, which are not merely smaller in bulk, but are fewer in number, of 
simpler shape, and different in proportion and position, as compared with those of the 
perfect cerebrum. 

2. Nevertheless all the primary and connecting convolutions belonging to the perfect 
cerebrum are represented by definite corresponding parts in these brains, mostly by 
actual convolutional foldings of the cerebral substance of a comparatively more simple 
kind, but sometimes by scarcely convoluted, or even by entirely smooth though slightly 
elevated portions of the cerebral substance. 

3. The parts which can be easily detected as actual convolutions in the idiots’ brains 
are the three frontal rows, the two ascending parietal convolutions, with the lobule of 
the posterior one, the supramarginal and bent convolutions, the external and internal 
temporal convolutions, the marginal and callosal convolutions on the inner surface, with 
the quadrilateral and occipital lobules, and all the connecting convolutions proper to 
the human cerebrum. The parts which are less easily distinguished are the orbital 
convolutions and, specially, the three rows of occipital convolutions. The central lobe, 
or island of Eeil, is distinguishable, as a distinct smooth eminence, in the idiot woman, 
but only as a smooth indistinctly elevated surface in the idiot boy. In neither does 
there exist such an expansion of the supramarginal convolution as would form a pro- 
minent supramarginal lobule, a part so characteristically human. 

MUCCCLXIY. 4 C 
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On the whole, the temporal a)nyolntion8, in both brains, are the boldest and best 
marked; then the eonTolutions of the parietal lobes, espedaily in the idiot boy; next 
stand the conne^jting conrolutions and frontal rows, and those of the inner stirfa<» ; 
afterwards the orbital and occipital convolutions ; and lastly the island of Reil. 

4. On contrasting the idiots’ brains with one another, the convolutions generally are 
seen to be decidedly more developed in the idiot woman than in the idiot boy — the 
marked exception being in the parietal region of the latter, where the lobule of the 
posterior ascending parietal convolution, the supramarginal convolution on the left side, 
tbe bent convolution, and the adjacent second external connecting convolution are more 
folly developed. 

5. Agreeably to the opinions already expressed by other anatomists in regard to 
similar examples, the condition of the cerebra in these two idiots is neither the result 
of atrophy, nor of a mere arrest of growth, but consists essentially in an imperfect 
evolution of the cerebral hemispheres or their parts, dependent on an arrest of dmelop- 
mmd (agenSde, dsthmie-gkd^) occurring at some stage or other of their metamorphosis 
from a simpler to a higher form. 

6. On comparing the condition of the cerebral convolutions of these brains with the 
representations of the brains of two foetuses at about 6^ and 7 months, published by 
Leuket and Gbatiolet*, it would appear that in both idiots the convolutions are 
more complex than in the former, but less so than in the latter foetus. From this, one 
might hastily suppose that in both idiots the development of the convolutions, and 
indeed of the entire cerebra, had been arrested in the latter part of the seventh month 
of intra-uterine life; those of the idiot boy a little earlier than those of the idiot 
woman. 

But on further reflection such a supposition does not appear to be tenable, and it is 
not supported by facts. It necessarily assumes that, up to a certain period of develop- 
ment, the evolution of all the parts of the cerebrum had been normal in rate and in 
character ; whereas, in the first place, there is nothing at present to show why that rate 
may not, in such cases as these, be more or less retarded, so that any given stage is 
attained at a much later period than usual, and the ultimate condition of development 
be reached perhaps some time after birth ; and, in the second place, there is evidence in 
the brains themselves, of such a disproportionate development of parts as to prove that 
the normal character of the evolutional changes has been profoundly disturbed at some 
period or other, by at least one local departure from, or interference with the r^cdar 
mode and order of development. 

A comparison of the size of the cerebellum and cerebrum in the idiots’ brains, and m 
the brain of a fcstus at the seventh month, shows most strikingly that the development of 
the former oigan had continued to progress long after the latter had expmienced its final 
arrest ; but, what is more ^ential to the present inquiry, even within the idiots’ cerebim 
riiemselves there is proof that all the parts are not equally and normally developed. 

* (^, cit, pi. 30. figs. 1, 2, 3; pi. 31. figs. 1, 2. 
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In the two foetal brains represented by Liueet and Geatiolet, already aHaded to, the 
in fit>nt of the fissure of Kouiox), comprising the frontal lobe and the sensed 
anterior ast^nding {mxietel convolution (which latter should, I think, be associated 
mth the frontal r^on itself), form a far larger proportion of the entire cerebrum than 
they do in the idiots’ brains. In the brain of the human foetus between the fom^th and 
^Eith months (Plate XXIII. figs, 21 & 22), in which the fissure of Rolaiok) {d-d}^ the 
peat parallel temporal fissure (/), and the perpendicular fissure (h) are clearly traceable, 
die same fact is well illustrated. In foetal brains at still earlier periods^ the same thing 
is observable, whilst at later periods than the seventh month the parts in front of the 
of Bolando become still longer in proportion to those behind it Indeed, in the 
normal course of development, there is no period at which the frontal part seems, as it 
were, to stand still, or retrograde relatively to the rest of the cerebrum ; but after once the 
fij^ure of RoLAJcno is formed, there is a variable but progressive relative increase of the 
parts in front of that fissure. It is certain, therefore, that the frontal lobes of the idiots’ 
eerebraaxe not proportionally developed in comparison with the temporo-paxietal regions. 
The same appears to me to be true likewise of the ocjcipital lobe ; but we may confine 
die argument here to the defective state of the frontal lobes. 

Fully to appreciate the importance of the diminutive size of these last-named lobes, 
we must take into account certain facts to be hereafter stated in detail, regarding the 
internal structure of the cerebral hemispheres. The corpora striata in the idiots’ brains 
are very small ; not merely absolutely, but also relatively to the size of the optic thalami, 
the ordinary proportions between these two ganglia being actually reversed, the former 
being usually much larger than the latter, whilst in the idiots’ brains they are much 
smaller. Since in a series of normally developed foetuses the corpora striata, at all 
periods, form larger masses than the optic thalami, we have further eridence, within the 
idiots’ brains themselves, of the fact already annoimced of an irregular and dispropor- 
tionate development of their parts. There is, indeed, an obrious correspondence between 
the diminutive size of the corpora striata and that of the frontal lobes; whilst the 
relatively larger optic thalami are associated with a larger growth of the hinder portion, 
especially of the temporo-parietai regions. 

The conclusions which we would draw from the preceding facts are these ; — First. 
Inst^d of the idiots’ cerebra having been uniformly and normally developed up to a 
certain date (say the latter part of the seventh month), and having then been subjected 
to a gaierai cessation of development, they have experienced an inequality or irregu- 
larity of evolution in certain of their parts. Secondly. Whilst all parts have been more 
or less arrested, the frontal and occipital lobes have suffered more than the temporal 
and parietal. Thirdly. Whilst both the large ganglia at the base of the cerebrum 
(those cores or nudei of the cerebral hemispheres, the corpora striata and optic thalami) 
have pajricipated in this disturbance of the ordinary course and degree of evolution, 

* See Letteet, he. cit. pi. 29, from fig. 10 ; and also TrEDEiiAiirs, Anat. Bildimg^eschiclite des Gehiim, 
rdraberg, 1816. 
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ttie corpora striata hare been more especially involved. Fourthly. The original vice of 
formation, in aU probability, affected these two pairs of ganglia primarily; and this 
entailed, as a necessary consequence, an interrupted, irregular, defective, and perhaps 
retarded evolution of the convolutions of the hemispheres themselves. Fifthly. The 
primitive starting-point of the future idiotic condition dates from a period fm: earlier than 
that at which aU further evolution ceases ; and in fact, as regards the optic thalami and, 
especially, the corpora striata, probably from a very early period of development indeed. 
This conclusion is obviously more acceptable to the physiologist (because more consistent 
vdth the radical deficiency in cerebral power manifested by idiots) than the supposition 
that the idiotic state should be due to a sudden arrest of a previously normd develop- 
ment at some later period of foetal life. Sixthly. The anatomical connexion which, by 
the comparison of these idiots’ brains with healthy foetal brains, has been shown to exist 
(in human brains, at least) between the development of the corpora striata and the frontal 
lobes, and the optic thalami and the temporal and parietal lobes, has a considerable 
general interest, and probably has a physiological significance which may hereafter 
throw light on the functions of the convolutions of those several parts. Lastly. The 
deficiency in the corpora striata and the associated frontal lobes becomes particularly 
interesting when we reflect on the special connexion of those ganglia with the anterior 
or motor columns of the cord, and on their probable intimate concern in the execution of 
voluntary movements, i. e. in the mechanical expression by the body of those numerous 
acts which are the outward exponents of that important psychical faculty commonly 
designated “ the will.” Now, it is the inadequate performance or entire abrogation of 
those acts, whether locomotive, manipulative, or articulate, which constitutes one of the 
most striking characteristics of the idiotic state. 

7. It is impossible, in the present state of our knowledge, to determine the interesting 
question whether some parts of the idiots’ cerebra had undergone, after the general 
arrest of ordinary morphological changes, further local development, as the result of 
use or ordinary training. 

8. There are, however, certain evident grounds for inferring that, after the cessation 
in these cerebra of all further evolutional changes, they experienced an increase of size, 
or a mere growth of their several parts. Thus the idiots’ cerebra are considerably larger 
than foetal cerebra in which the convolutional development is at a similar stage ; whilst 
the individual convolutions themselves, the same in number, are necessarily broader and 
deeper. Again, from Dr. Boyd’s observations, it appears that in a certain number of 
foetuses prematurely bom, with an average height of 14 inches for males and 13*5 for 
females, whose brains would about correspond with the idiots’ degree of convolutional 
development, the average weight of the cerebmm in the former was 5*33 oz., and in the 
latter 4*42 oz. ; whereas, as we have seen, the idiot boy’s cerebrum weighed 5*85 oz., 
and the idiot woman’s 7*63 oz. The greatest difference is in the case of the woman, who 
lived to the adult age ; whilst the boy, it must be remembered, died at the age of 12. 

9. It has been shown that the temporal region preponderates in the idiot woman, 
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fuad the parietal in the idiot boy ; the frontal lobe is also relatively a little larger in the 
woman. There can be no doubt also that the emotions, intelligence, and voluntary power 
of the woman were in advance of those of the boy ; but at present it would be premature 
to attribute too much importance to these probably individual anatomical differences, or 
to endeavour to associate them with peculiarities of psychological endowment, v 

10. On contrasting the cerebral convolutions of the two idiots’ brains with those of a 
female and male idiot, each four years of age, represented by Leueet*, there appears a 
very close and remarkable resemblance between them. There is the same paucity, sim- 
plicity, and breadth of the convolutions, the same deficiency in the frontal lobes, though 
in one of them (the second referred to in the foot-note) to a less degree. The details of 
the convolutions are also nearly similar ; but in some slight particulars they are superior 
to those of the idiot woman, and especially so to those of the boy. For example, in both, 
the anterior ascending parietal convolution has passed beyond the stage of an intrusive 
convolution to that of an oblique smooth ridge of cerebral substance. There are also 
more numerous secondary sulci in most regions of the cerebrum, and the convolutions 
themselves are somewhat more tortuous. 

11. Lastly, on comparing the convolutions of the idiots’ cerebra with those of the 
Orang and Chimpanzee, they appear, in the human idiots, to be fewer in number than 
in the Apes, because, although the primary foldings correspond in each, they are indi- 
vidually less complex, broader, and smoother in the former than in the latter. In 
this respect the idiots’ brains are even more simple than the brain of the Gibbon, and 
approach that of the Baboon (Cynocephalus) and Sapajou (Ateles)f. 

As special and interesting results of this general simplicity of the primary convolu- 
tions, are the absence, as in the quadrumanous brains, of such a development of the 
supramarginal convolution as to constitute its so-called lobule, and the partial conceal- 
ment of the upper external connecting convolution, as well as the imperfect develop- 
ment of the anterior ascending parietal convolution, and the extreme simplicity of the 
bent convolution. Of these, the non-development of a distinct supramarginal lobule is 
the most interesting defect, since it indicates the late appearance in the brain of a part 
whose presence is regarded by Gratiolet as peculiarly characteristic of Man. 

On the other hand, the points of special difference between the idiots’ and the qua- 
drumanous brains, both general and particular, are even more numerous. Fimt, as a 
general difference, there is a remarkable want of symmetry even in these imperfectly 
developed cerebra, as if already preparations were being made to establish that higher 
and almost exclusively human character ; this point has been so frequently exemplified 
in the previous descriptions that we may refer to them for abundant illustration of it. 
Secondly, the special differences, which likewise exhibit the decidedly human character, 
are the superficial position of all four of the external connecting convolutions ; the con- 
sequent speedy interruption of the external perpendicular fissure, and complete obhtera- 
tioE of ite posterior border or operculum ; the concealed position of the lower internal 

* Op. at. pi. 24. %. 4 ; pi. 32. figs. 1 to 5. 
t Geatiolu, pi. 4. figs. 1 & 2; pi 9. figs. 1 & 4; pi. 10. figs. 1 & 2. 
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oonnectmg convolution, and the absence of the upper one ; and lastly, the gimt bi^adth 
of the connecting rid^ which joins the callosal aad undnate (involutions^ 

Although, therefore, defective in developmental detail, tiiese microcephahc cmbra 
are still human, and dider as much from the Ape’s cerebrum, or constitute as little an 
intermediate step towards it, as any other bodily defect in man is found to differ fiom 
a truly quadramanons form, or manifest a serial approadmation to it Just as in a 
of webbed human fingers the digits are still human and not goriUadike, and just as in 
the deformity named talipes valgus, though the foot is inverted and the weight of the 
body is supported on its outer border, still the member is human and not ape-like, 
these brains, though simplified by defect, possess characteristics which distingmsh them 
as imperfectly human yet not quadrumanons. The community of plan observable in 
the biains of all the Primates, including Man himself, necessitates a general conformity 
to that plan, even in these defective human brains ; but the special marks of human 
divergence from that plan have already been set upon them at some very early, probably 
at the earliest moment of their development 

e. Iniemal Structure of the Idiots' Cerehra and Cerebella. The Cmmfrmmres, 
Cavities^ Ganglionic Masses^ and Laminae. 

Excluding the great fissures, the depth of the sulci (or, in other words, the prominence 
of the convolutions) in the idiots’ brains is greatest in the lateral temporal region, next 
in the frontal and parietal regions, and least in the occipital region, where many of the 
sulci are mere marks or notches. The average depth of the sulci is, in the idiot woman’s 
brain, *5 inch, in the idiot boy’s *4 inch. In the idiot boy the thickness of the grey 
matter in the recent brain varied between ^ths and ^a^ths of an inch ; in the preserved 
brain it varies from -^ths to ^jths of an inch, averaging -^ths. In the idiot woman it 
ranges between ^ths and -^ths, averaging about ^ths ; in both brains it is, as usual, 
thickest in the frontal and parietal regions, and thinnest in the occipital. Unlike what 
is found in the Chimpanzee’s brain, the quantity of white matter in proportion to the 
grey is very large, in accordance, as we shall find, with the relatively full development 
of the transverse commissural system of fibres. 

The corpus callosum, in both the idiots’ brains, is proportionally shorter though thicker 
than in the perfect human brain, but it is relatively longer than in the Chimpanzee. In 
the recent brain of the idiot boy it measures ’76 inch long. Its length, greatest thickne^ 
least thickn^s, and averse thickness in the preserved brain of the idiot woman are 
46, 13, 6, and 7 thirtieths of an inch ; in the idiot boy 41, 7, 4, and 6 thirtieths of an 
inch. The sectional area of this part in the idiot woman is about 
in the idiot boy only fifths of an inch. Comparing these numbers with the area of 
the internal surface of one cerebral hemisphere, we find that in the idiot woman tlie 
mtio is as 1 to 13*3, in the idiot boy as 1 to 14*6, whereas in the pmfect human brain 
tlie ratio is 1 to 12*5, and in the Ape as 1 to 28*5 ; so that in respect of the transverse 
commissural fibres of the corpus callosum, the idiots’ brains, diminutive as they are, are 
truly human in their structure. The anterior and posterior commissuxes likewise are 
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well developed in botii bmim ; the soft commissiire is very large in both. Of the longi- 
tndiaal commisgures the fornix is proportionally lai^e ; the tsenia semichrcnlaris and 
sixm longitndinales, very distinct in the boy, are also easily traceable in the woman. 
!fhe septum Incidum and middle ventricle are small in both the idiots’ brains, the interval 
between tbe fornix and the corpus callosum being narrow. The lateral ventricles in 
bodi bmns, in accordance with* the restricted development of the frontal and occipital 
r^ons, are comparatively short and wide cavities. The general direction of the body 
of the ventricle is not parallel with the median line, but divergent outwards and back- 
wards — a condition owing evidently to the optic'thalamus being proportionally large, or 
at any rate well developed, whereas the corpus striatum is relatively very small, the 
eminence formed by it within the ventricle being short and narrow, whilst the compara- 
tively large optic thalamus carries the back part of the body of the ventricle outwards. 
This part of the ventricle in the idiot woman’s brain measures 8*5 thirtieths of an inch ; 
the anterior cornu 4, the posterior cornu 8, and the descending cornu 9 thirtieths. In 
the idiot boy the same parts measure respectively 6, 2 ’5, 7*5, and 8 thirtieths of an inch ; 
the body of the ventricle is therefore in both cases shorter than in the perfect brain, 
being shorter in the idiot woman than in the idiot boy, the length of whose parietal 
region has already been noticed ; the anterior cornu is also proportionally short, parti- 
cularly so in the idiot boy ; the posterior cornu is likewise short but wide, directed 
almost immediately backwards in the idiot boy, but divergent outwards in a remarkable 
manner in the idiot woman. The thickness of cerebral substance, between the end of 
the posterior cornu and the hinder edge of the cerebrum, is disproportionally great, 
being *4 inch in the idiot woman and *7 in the idiot boy. In the idiot woman the 
divergent direction of the point of the cornu makes it impossible to compare its rela- 
tive proximity to the apex of the posterior lobe with that observed in ordinary brains ; 
in the idiot boy the distance from the point of the cornu to the end of the posterior 
lobe, viz. *7 inch, is more than one-fifth of the total length of the brain, whereas the 
ordinary proportion is about one-eighth. The descending cornu, in correspondence 
with the size of the temporal lobe, is well and equally developed in both the idiots’ brains. 
The hippocampus major is large and wide in form, and terminates in front in an 
expanded and slightly sulcated extremity. The hippocampus minor is very wide, though 
short, in both brains ; in the idiot boy it is directed backwards, in accord^ce with the 
direction of the posterior horn ; whilst in the idiot woman it branches off outwards, in 
harmony with the divergent course of that carity. The length of the hippocampus 
minor in the idiot woman is *8 inch, its greatest breadth *35 ; in the idiot boy the length 
is *5 inch, and the greatest breadth *3. The emin^tia coUateralis is distinctly visible 
in both brains. 

Measuring off the antero-median from the posterior portion of the cerebrum on 
Mr. Flowee’s method, the ratio between the former and the latter is, in the idiot 
woman, 100 to 62*2, in the idiot boy 100 to 61*9; so that the occipital r^on, as thus 
estimated, s. e. in its inferior layers, is proportionally loiter in the idiots’ brains than in 
the perfect brain, or even than in the Chimpanzee’s brain, in which the proportions are 
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100 to 53 and 100 to 52 respectively. This apparent relative increase in the posterior 
portion of the brain shonld rather be interpreted as due to a comparatively undeveloped 
condition of the antero-median region. 

It has already been mentioned that the corpora striata are in both idiots’ brains very 
small, whilst the optic thalami are relatively large. The part of the corpus striatum 
seen in the left lateral ventricle is, in the idiot woman, *35 inch long and *15 inch 
wide ; in the idiot boy *25 inch long and *15 inch wide. The viable portion of the 
optic thalamus in the woman is *8 inch long by *3 inch wide, in the idiot boy *65 inch 
long by ‘4 inch wide. It has been previously noted that the large size of the optic 
thalamus corresponds with the great development of the temporo-parietal region in both 
the idiots’ brains, and the diminutive corpus striatum with the wasted form of the frontal 
region ; but besides the mere relative size of the two ganglionic masses, another condi- 
tion doubtless concurs to produce this correspondence, viz. the relative number of the 
radiating fibres which spring from them to branch out into the corresponding parts of 
the hemisphere. The corpora quadrigemina are quite of proportional size to the rest of 
the brain in both idiots, the superior one being larger as usual The corpora geniculata 
are likewise well developed in both. In the idiot woman the corpora albicantia are 
separate but not prominent ; in the idiot boy the corpora albicantia are broad and some- 
what fused together. The pineal gland is proportionally large in the idiot woman ; 
in the idiot boy it was not found, having probably been destroyed. The habenulae 
could not be traced in either brain. The pituitary body in the idiot woman is very 
large ; in the idiot boy it has not been preserved, but the infundibulum is present and 
large. The cerebral peduncles in the idiot woman appear long and narrow, and the 
interval between them is deep ; in the idiot boy, on the other hand, they are broad 
and flat, and the interval between them is shallow. This may be due to elongation of 
the woman’s brain occurring as the effect of long suspension in spirit after complete 
removal of the membranes. 

In the preserved brains the pons Varolii is broader from before backwards in the idiot 
woman than in the idiot boy, measuring in the former nearly *6 inch deep, but only *5 
inch thick, in the latter only *4 inch deep and *5 inch thick : this appears remarkable, 
as the cerebellum of the boy is larger than the cerebellum of the woman. 

The medulla oblongata is large in both idiots : in the woman its greatest width is 
*7 inch, in the boy *6 inch ; its proportions to the entire width of the brain are as 1 to 
5T4 in the former and 1 to 5*3 in the latter, instead of 1 to 7, the normal ratio. The 
ohvary bodies are large, but especially so in the idiot boy ; the grey matter in their inte- 
rior is folded, as usual. In other respects the medulla is normal. 

The cranial nerves, so far as can be judged from those which remain in the preparations, 
are of full size, and, indeed, large in proportion to the size of the cerebral mass. 

The Cerebellum (Plates XXI. &XXII. figs. 10-16, Ce).'-^K% already shown, this organ 
in both idiots, though more highly developed than the cerebrum, is still small, especially 
in the idiot woman. All its parts, however, are present, though more or less reduced in 
size and in complexity of structure. 
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In the idiot woman the hemispheres are proportionally large and well shaped, whilst 
the median portion is not quite so well developed. In the idiot boy the hemispheres 
are relatively larger, projecting laterally, and preponderating stiU more over the median 
portion. 

In the idiot woman the square lobe is normal in shape and proportions, the posterior 
superior lobe is narrow and shallow, the amygdala and biventral lobe are strikingly 
large ; the slender lobe is very small, the posterior superior lobe is, on the contrary, well 
developed ; the pyramid and uvula are prominent, but narrow ; the nodule is small ; the 
posterior velum is exceedingly thick ; the floccule is very small. In the idiot boy the 
square lobe is of ordinary shape and proportions, the posterior superior lobe is wide and 
deep ; the amygdala, contrary to its condition in the idiot woman, is small, and partly 
concealed beneath the biventral lobe, which is large ; the slender lobe is of moderate 
size, and the posterior inferior lobe again large ; the pyramid, uvula, and nodule are 
small ; the posterior velum, as in the idiot woman, is exceedingly thick, suggesting the 
idea that it usually becomes attenuated as development advances; the floccules are 
small, but not so small as in the female idiot. 

The middle peduncular (or transverse commissural) fibres are defective, not merely in 
comparison with the perfect organ, but also in relation to the size of the idiots’ cere- 
bella, especially considering the great development of their hemispheres. The oval 
surface occupied by the divided ends of these fibres, as seen on a median section through 
the pons, is shorter and much smaller than usual. In the idiot w^oman (Plate XXIII. 
fig. 25, p) it measures *0 of an inch long by *325 inch wide, its sectional area being 
therefore T95 square inch, whilst in the idiot boy (fig. 26, p) the dimensions of the same 
part are *45 inch by *28 inch, and the sectional area *126 square inch. The idiot woman’s 
recent cerebellum having weighed 1*95 oz., and the idiot boy's 2*25 oz., there would be 
to each ounce weight of that organ *1 square inch of commissure in the woman, and only 
*05 square inch in the idiot boy. The healthy proportion, as shown at a pretious page, 
is *13 square inch. In this point of view, then, the cerebellum is very defective in both 
idiots, but especially in the idiot boy ; which is remarkable anatomically, since in him 
this organ is so much larger than in the woman. The imperfect gait and feeble power 
of control over the muscles generally, always associated with true idiocy, were noticeable 
in the case of both idiots ; and this might appear to be in part explicable, on the ordinary 
hypothesis that the cerebellum is concerned in coordinating the voluntary muscular move- 
ments, by the obvious deficiency in the bulk of that organ in both these cases ; but, on 
the other hand, the fact that the cerebellum is larger in the idiot boy, though his powers 
of locomotion were altogether absent, and though he could not handle anything, nor 
articulate any words, seems contradictory and inexplicable. Under these circumstances 
it is at least interesting to find that one of the cerebellar commissural systems of fibres 
is so much more deficient in him than in the idiot woman ; and whether we adopt the 
view that the office of the cerebellum is directly to coordinate the muscular 'movements, 
or that it indirectly aids in this coordination, by registering the various muscular sensa- 
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tions indicative of the m^iifold conditions of the muscles, such a deficiency of th^e <s>m- 
missural fibres may he equally supposed to interfere with the fimctions of the orpm. 
In both idiots the inferior and superioir peduncles likewise appear small ; but no exad; 
computations could well be made concerning these parts. 

On ODunting the total number of laminae in the cerebellum of an idiot, Maiacabnb 
found that they numbered only 324*, whilst in a healthy cerebellum there were from 
700 to 780. In another case he found 362 laminae, 240 on the upper surface, and 122 
cm the under surfacef . It appears that he afterwards met with a third example, in 
which a similar deficiency in the number of the laminae was likewi^ not^ J. 

For reasons already stated in describing the cerebellum of the Bushwoman, I have 
limited myself to counting the superficial laminae only of certain parts, and the deep and 
superficial ones of others. The following are the results. 


Superficial laminae only counted. 



Median 

portion. 

lAt^ral parts. 

Total 

Superior 

vermiform 

process. 

Square 

lobe. 

i Posterior 

1 superior 

1 lobe. 

L .J 

Amygdala. 

Biventral 

lobe. 

Slender 

lobe, 

Posterior 

inferior 

lobe. 

lateral 

parts. 

Healthy brain 

18 

21 

13 

• 9 

6 

5 

16 

I 70 

Idiot woman 

15 ! 

14 

9 

7 1 

7 

4 

12 

53 

Idiot boy 

19 j 

14 

11 

■ * i 

7 

4 

i 

53 


Superficial and deep laminae counted. 



Median portion. 

Lateral parts. 

Infe^r 1 ^ Pvramid , ,, 

vermiform 1 2fodule. 

proc^. J “ “ ““ 

Amygdala. 

Pioccule. 

Healthy brain...,,. 

37 = 28 -f 9 

21 

18 

Idiot woman 

25 = 17 -f 8 

i ■ 

i 8 j 

Idiot boy ......... 

20 = 15 + 5 

1 11 

n 


The preceding numbers confirm the interesting observations made by Malacaesb 
eighty years ago ; and it is to be noted that when both the superficial and deep laminae 
are counted, the difference between the healthy and idiots’ cerebellum is greater, and 
approaches more nearly the proportions shown by Malacaene’s numbers. The totnl 
number of superficial lammae counted is the same in both idiots, and their distribution 
in the several lobes is equal, with the exception of the posterior superior lobe, which 
has two more laminm in the idiot boy, and of the amygdala, which has two less. As 
compared with the healthy cerebellum, the greatest deficiency is in the square lobe ; the 

* 0^. cit, p. 7. t P. 226. 

t C. Bokott, Palin^enesie Hiilosophkjiie, part 2, cbap. iv. vol. Tii. of his colleeted worte in 4to. 
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in the two posterior lobes, and the least in the amygdala. A loss in the slender 
lobe is balanced by a gain in the birentraL In the median parts the whole of the 
laminae are counted, and there is a more marked deficiency, as compared with the 
healthy condition, especially in the idiot boy. The floccule, however, presents an excep- 
tion to this, being more complicated in him than in the woman. The laminae bf the 
cerebellum in both idiots are not only fewer in number, but are shorter and narrower 
than in the healthy cerebellum. 

The corpus dentatum is represented merely by an elongated streak, differing in colour 
and consistence from the surrounding medullary substance, but presenting no indented 
outline, and no white mass in its interior. 

In a foetal brain the convolutions of whose cerebrum correspond with the idiot con- 
dition, the cerebellum is strikingly small, and would measure transversely not more than 
1*5 inch, whereas in the idiot woman its transverse diameter is 3*15 inches, and in the 
idiot boy 3 inches. At the same period of development the laminae risible on its under 
surface are only twenty in number, whilst in the same parts in the idiot woman there 
are thirty, and in the idiot boy twenty-eight. It is obrious, therefore, that in these 
idiots the cerebellum was not arrested in its development cotemporaneonsly with the 
cerebrum, but continued to increase greatly in size, and to undergo further changes of 
an evolutional character lor^ after the cerebrum had ceased to be affected in the latter 
way. At the same time, from the small relative size of the cerebellum to the body in 
both idiots as compared with the healthy standard at corresponding ages, from tbe un- 
doubted paucity, shortness, and narrowness of its laminm, from, the deficiency in its 
transverse commissural fibres, and from the ill-defined condition of its corpus dentatum, 
it had at length, as well as the cerebrum, succumbed from want of developmental 
energ)^ In other words, though more evolved than the idiots’ cerebra, the cerebella are 
still imperfectly developed. The date of their final arrest of development is uncertain ; 
it was probably retarded to a period several years after birth ; it may be assumed to 
have corresponded with the condition attained by the healthy cerebellum at about the 
end of the second year of life. 

Postscript. (August 6, 1863.) 

Since the preceding paper was written I have had opportunities of inspecting the 
exterior of two idiots’ brains in the Museum of St. Bartholomew’s Hospital, and of 
examining, besides a wax model and two drawings of an idiot’s brain, a most mterestmg 
series of models in wax of human foetal brains, from the second month to the full tenn, 
in the Anatomical Museum at Guy’s Hospital. 

a. Of the two idiots’ brains preserved at St. Bartholomew’s, the smaller one (Catalogue, 
Smes A. 123) is that mentioned by Professor Owe 5 as weighing 13 oz. 2 dr. avcdrdn- 
pms*. It was the brain of a male idiot, aged 22. The larger brain (Series A. 121) 
1 !^ that of a female idiot, also aged 22. 

* See p. 527. 
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In both cerebra the fissures and convolutions are readily comparable with those of 
the idiots’ brains of which an account is given in this paper, and so resemble them as 
to suggest a similarity in their mode of evolution. like them, too, they present indi- 
vidual peculiarities, and a disproportional development of their component parts. In 
a few points they are more advanced than even the idiot woman’s brain described above. 
An examination of them sen es to confirm in every particular the explanations ventured 
upon in the preceding pages. The fissures present nothing remarkable ; but the convo- 
lutions require some notice. 

In the smaller or male brain (A. 123) the orbital convolutions are extremely simple, 
the triradiate sulcus being only a linear mark ; the frontal are very simple also ; both 
ascending parietals are preesnt on the right side, whilst on the left only the posterior 
one exists, but the intrusive convolution is seen largely developed, forming nearly a 
complete anterior ascending convolution ; the parietal lobules are plain, short, and wide ; 
the supramarginal and bent convolutions are simple, and there is no developed supra- 
marginal lobule ; the temporal are short and thick ; the occipital are simple ; the external 
connecting are very short. 

In the larger or female brain (A. 121) the orbital convolutions are not quite so rudi- 
mentary ; the frontal are large and few ; the two ascending parietals are present on both 
sides, but are plain narrow bands ; the parietal lobules are large, the left one being more 
defined than the right ; the supramarginal and bent convolutions are large, and so well 
formed as to remind one of the condition of the parts seen in the Orang’s brain, but 
there is no overhanging supramarginal lobule ; the temporal are very large, and espe- 
cially long; the occipital are broad, shallow, and coalesced; the external connecting 
are short and simple. 

The ridge leading to the island of Reil is prominent and exposed in the female brain, 
but not so much so in the other. Both brains exhibit in special details a decided want 
of symmetry. 

It is interesting to find that the variable conditions of the anterior ascending parietal 
convolution establish the correctness of the explanation given above of the ultimate 
conversion of the intrusive convolution into that g)Tus. It must not escape notice that, 
in the smaller or male brain, this intrusive convolution is again present on the left side, 
as in our idiot woman and idiot boy. The two brains, moreover, differ, not only in 
the parietal convolutions, but also in the orbital region, in the shape of the temporal 
lobes, and in other respects to be presently mentioned. There is evidence of a defective 
and therefore disproportional size of the frontal lobe in both brains, in the fact that, 
taking the total length of the cerebrum as 100, the pai’t in front of the fissures of 
EoLAifDO, the part between them and the perpendicular fissures, and the part behind 
the latter, as seen from above, measure in the smaller or male brain 29, 42, and 29, 
and in the larger or female brain 40, 36, and 26. The frontal region, in front of the 
fissure of Rolando, as compared with the parts lying behind that fissure, is therefore in 
the former as 29 to 71, and in the latter as 40 to 60. In both idiots the frontal region 
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is therefore defective, but unequally so in the two. It is scarcely possible to doubt that 
dissection would establish the fact of a coincident want of development in the corpora 
striata of these brains. 

In both these idiots also the cerebellum is, comparatively to the cerebrum, enor- 
mously developed. In the smaller brain, only one-third of it is covered by the cere- 
brum ; in the larger brain, the two parts reach back to exactly the same level ; in both, 
the laminae appear to be few, only twenty being distinguishable on the under surface of 
one hemisphere in each. 

The skull of the male idiot is thin, and appears to be much marked on its internal 
surface with the convolutions ; that of the female idiot is thicker, and not so much mai'ked 
in that way. 

h. Assuming the accuracy of the dates assigned to the several models of foetal brains 
in the Museum at Guy’s, the effect would be to place the period at which the idiots’ 
cercbra reached their ultimate stage of evolution, at from one month to even sis weeks 
later than that given in the preceding paper. But it is notoriously difficidt to deter- 
mine the age of any given foetus. An examination of the entire series shows that, if 
the dates be correct, the cerebrum does not, either in size, or in the condition of deve- 
lopment of its convolutions, always attain exactly the same point at exactly the same 
period of intra-uterine life. 

The condition of the convolutions in these models confirms the history above given 
of the conversion of the intrusive convolution into the anterior ascending parietal ; for 
the change is traceable through a certain number of the fcetal brains. It also supports 
the views expressed as to the early arrest of the evolution of the corpora striata, and 
of the special effect of this on the development of the frontal lobes ; for, with certain 
fluctuations, the corpora striata, where shoum in the models, are always larger than the 
optic thalami ; and the proportions of the frontal to the hinder regions of the cerebrum, 
as marked off by the fissures of Rolaxdo, vary, from the first appearance of this fissure 
to the full term of development, between the ratios of 37 to 63 and 58 to 42. Lastly, 
these models show that idiot brains must grovr a little after they have ceased to be 
further evolved ; for the convolutions, and indeed the cerebral hemispheres themselves, 
are broader and larger in the idiot 'brains than in the models of brains of equally for- 
ward convolutional development. It is certainly true that, taking the four idiots’ brains, 
the two hereinbefore described and the two in the Museum at St. Bartholomew’s, 
their respective sizes and their degrees of evolution correspond ; but this does not dis- 
prove the occurrence of a growth in them after the cessation of development, an event 
shovm to occur on other grounds. 

The model and drawings of the idiot’s brain at Guy’s also confirm all our previous 
notions ; and indeed it may be concluded that the idiotic condition is produced in all 
cases by conformable influences, affecting the cerebrum in slightly different degrees in 
different examples. 



Table I. — Measurements of the parts of the Encephalon in the European, in the Bushwoman, in two idiots of European descent, 
and in the Chimpanzee, given in tenths of an English inch, with the ratios of those measurements to the European measure- 
ments regarded as units. The measurements of the Cerebrum and Cerebellum are taken by aid of the intracranial casts. In 
the case of the idiot boy, the cast of the skull being defective, only a few such measurements could be obtained ; but in a 
second column are given the corresponding measurements taken from the preserved brain. The measurements of the Me- 
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Table IL— Katios between the Dimensions of different parts of the Encephalon, in the 
European, in the Bnshwoman, in the two Idiots, and in the Chimpanzee. 



Europ«ui. 

BusWoman. 

Idiot woman. 

Idiot boy. 

Chimpanzee. 


f a 

to 

b 

1 

to 

1*3 

1 

to 

1*29 

1 

to 

M4 

1 

to 

1*23* 

1 to 

1*19 

Cerebrum 

a 

to 

e 

1 

to 

•9 

1 

to 

•82 

1 

to 

•86 

1 

to 

•45 

1 to 

•78 

c 

to 

h 

1 

to 

1*44 

1 

to 

1*61 

1 

to 

1-32 

1 

to 

2*43 

1 to 

1*52 

. 

Lrf 

to 

f 

1 

to 

2*09 

1 

to 

2*13 

1 

to 

2*3 

1 

to 

3-1 

1 to 

2*26 


^ m 

to 

1 

1 

to 

1*5 

1 

to 

1-64 

1 

to 

1-5 

1 

to 

2-14 

] to 

1-87 

CerebeUum 

m 

to 

n 

1 

to 

*58 

1 

to 

•56 

1 

to 

•97 

1 

to 

•86 

1 to 

‘5 

1 

L» 

to 

1 

1 

to 

2-57 

1 

to 

2*91 

1 

to 

1*53 

1 

to 

2*5 

1 to 

3-75 

1 

r m 

to 

h 

1 

to 

2*7 

1 

to 

2-64 

1 

to 

1*95 

! 1 

to 

2-43 

1 to 

2-75 

Cerebrum and CerebeUum 


to 

c 

1 

to 

3-21 

I 

to 

2-91 

1 

to 

1-51 

1 

to 

1-16 

1 to 

3-62 1 



to 

a 

1 

to 

1*39 

1 

to 

1-42 

1 

to 

1-14 

1 

to 

1*03 

1 to 

1*23 j 

Medulla oblongata and Cerebrum., 

.. o 

to 

a 

1 

to 


1 

to 

6 

1 1 

to 

5-14 

1 

to 

5-3* 

1 to 

5*7 


Explanation op the Plates. 

With the exception of figures 7, 8, and 20, which are taken from Geatiolet, and of 
figure 23, which is merely a tracing from nature, the illustrations to this paper have 
been lithographed from Mr. Heebeet Watkins’s photographs, aided by reference to the 
objects themselves. AH the figures agree in size with the preserved brains, excepting 
figure 9, which, as weU as figures 7 and 8, taken from Geatiolet, is reduced to three- 
fourths of the proper linear dimensions. The references to the cerebral convolutions 
are alike in all the Plates; and a common explanation of these is appended to the 
general description. References to a few other details are given under each Plate. 


PLATE XVII. 

Fig. 1. Upper suifface of the preserved brain of the Bushwoman. 

Fig. 2. Base of the same brain : o, olfactory nerve ; a, corpora albicantia. 

PLATE XVni, 

Fig. 3. Left side of the same brain. 

Fig. 4. Vertical median section of the same brain, showing the inner surface of the left 
hemisphere of the cerebrmn, with the cut surfaces of the cerebral peduimle, 
the corpus caUosum, the cerebeUum, ponsVarolii (j>), medulla oblongata, and 
other parts : a, anterior commissure ; gf, corpora quadrigemina. 


• TlbB§e ratice are calculated from measureu^ts taken cai the iatracmnial east ; ttie of the ratios, in 
the case of the idiot boy, are tak^ from measurements of the preserved brain. 
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PLATE XIX. 

Fig. 6. The left hemisphere of the same brain, detached from its peduncle, shomng the 
under surface with the inner surface foreshortened. 

Fig. 6. Horizontal dissection of the same hemisphere, showing the left lateral ventricle 
laid open : body of the ventricle and optic thalamus ; 5, anterior cornu ; 

c, posterior cornu; d, commencement of middle cornu; <?, hippocampus 
major; /*, hippocampus minor; eminentia collateralis ; corpus striatum. 

PLATE XX. 

Fig. 7. Convolutions of the upper surface of a European brain, showm in outline (from 
Geatiolet). 

Fig. 8. Corresponding view of the brain of the Hottentot Venus (from Gratiolet). 

Fig. 9. Corresponding view of the brain of the Bushwoman. To suit the size of the 
page, these comparative views of the upper cerebral convolutions in the 
European, the Hottentot Venus, and the Bushwoman, are reduced to three- 
fourths of their proper linear dimensions. But it must be observ^ed that the 
originals of figures 7 and 8 are of the full size of the recent or restored brains ; 
whilst the original figure of the Bushwoman’s brain (figure 1 of this memoir) 
is of the size of that organ after it had become shrunk from maceration in 
spirit. Judging from the measurements of the interior of the Bushwoman’s 
skull, this reduced figure of her brain should be about ^th of an inch 
shorter than that of the brain of the Hottentot Venus. 

PLATE XXL 

Fig. 10. Upper surface of the preserved brain of a female idiot, aged 42 years. 

Fig. 11. Under surface, or base, of the same brain: o, olfactory sulcus. 

Fig. 12. Left side of the same brain. 

Fig. 13. Vertical median section of the same brain, showing the inner surface of the 
left hemisphere of the cerebrum, with the cut surfaces of the corpus 
callosum (c), cerebral peduncle, cerebellum, pons Varolii (j?), medulla oblon- 
gata, and other parts. 

PLATE XXII. 

Fig. 14. Upper surface of the preserved brain of a male idiot, aged 12 years. 

Fig. 15. Under surface, or base, of the same brain : <?, olfactory sulcus. 

Fig. 16. Left side of the same brain. 

Fig. 17. Eight hemisphere of the same brain, detached from its peduncle, showing the 
internal and under surfaces. The frontal region is turned to the left hand of 
the observer. The section of the corpus callosum (c) is also shown. 
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PLATE XXIII. 

Fig. 18. Convolutions of the upper surface of the brain of the female idiot. 

Fig. 19. Convolutions of the upper surface of the brain of the male idiot. 

K.B. In both of these figures a few additional markings, not represented 
in figures 10 and 14, have been put in firom careful examinations of 
the brains themselves. 

Fig. 20. Convolutions of the upper surface of the brain of an Orang-outang (after 
Geatiolet’s restored figure). 

Fig. 21. Outer surface of the left hemisphere of the cerebrum of a human foetus, at 
probably between the fourth and the fifth month. 

Fig. 22. Median vertical section of the same foetal cerebrum, showing the inner surface 
of the same hemisphere. 

Fig. 23. Vertical median section of the medulla oblongata and pons Varolii of a pre- 
served European brain, to show the area (p) occupied by the divided trans- 
verse fibres of the pons. 

Fig. 24. The same parts from the brain of the Bushwoman. 

Fig. 25. The same parts from the brain of the female idiot. 

Fig. 26. The same parts from the brain of the male idiot. 

Beferences to the Lohes^ Fissures^ and Convolutions. 

The names here given to the fissures and convolutions are, for the most part, founded 
on M. Geatiolet’s nomenclature. 

Ce. The cerebellum. 

Lobes. 

C. Median lobe, or Island of Reil. 

F. Frontal, 

P. Parietal. 

O. Occipital. 

T. Temporal. 

Fissures. 

c~c. Antero-parietal (Huxley). 
d-d. Rolxndo’s. 

€-e. Sylvian. 
f-f. Parallel. 
g-g. Inferior temporal. 

A, h. External perpendicular. 

14. Fronto-parietal {callem-margmal., Huxley). 
k-k. Internal perpendicular. 
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l-k m. Hippocampal. 

l-l. Outer or calcarine portion (Huxlet). 
m, ' Inner or dentate portion (Huxlet). 

7 ir-n. Inferior middle temporal or great collateral. 

ComohiMons, 

. 1/. Supraorbital. 

1//. Posterior orbital. 

3/y Internal orbital. 
m. External orbital. 

1-1. Lower frontal. 
s-2'. Middle frontal. 

3- 3/. Upper frontal. 

4- 4'. Anterior ascending parietal. 

5- 5. Posterior ascending parietal. 

51-5/. Lobule of the posterior ascending parietal. 
in-siK Supramarginal. 

A-A. Lobule of the supramarginal. 

6- 6. Bent, or angular. 

7- 7. Upper external temporal, or inframarginal. 

8- 8. Middle external temporal. 

9- 9. Lower external temporal, which is the same as the lower intemal temporal. 

16- 10. Upper occipital. 

11- 11. Middle occipital. 

12- 12. Lower occipital. 

«-«. First or upper external connecting. 

Second external connecting, 
r-y. Third external connecting. 

Fourth or lowest external connecting. 

17- 17. Great marginal. 

18- 18. Callosal. 

i8f-is/. Quadrilateral lobule. 

19- 19. Middle intemal temporal or uncinate. 

39/. Unciform lobule or crochet. 

20. Dentate (not shown in any figure). 

e. Place of lower intemal connecting, here (as usual) con(^al^ 

L Place of upper intemal connecting (present only in Qimdmmana). 

26—25. Occipital lobule. 

26. Calcarine (Flowee). Shown only in %ure 17. 
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XYI. A Second Memoir on Skew Surfaces, otherwise Scrolls. By A. Cayley, F.B.S. 

i 

Eeceivad April 29, — Bead May 28, 1864. 

The principal object of the present memoir is to establish the different kinds of skew 
surfaces of the fourth order, or Qnartic Scrolls ,* but, as preliminary thereto, there are 
some general researches connected with those in my former memoir “ On Skew Surfaces, 
otherwise Scrolls” and I also reproduce the theory (which may be considered as a 
known one) of cubic scrolls ; there are also some concluding remarks which relate to 
the general theory. As regards quartic scrolls, I remark that M. Chasles, in a footnote 
to his paper, “ Description des courbes de tons les ordres situees sur les surfaces reglees 
du troisi^me et du quatrieme ordres , states, “ les surfaces reglees du quatrieme ordre 

admettent quatorze especes.” This does not agree with my results, since I find only 

eight species of quartic scrolls ; the developable surface or “ torse ” is perhaps included 
as a “surfece reglee;” but as there is only one species of quartic torse, the deficiency is 
not to be thus accounted for. My enumeration appears to me complete, but it is possi- 
ble that there are subforms which M. Chasles has reckoned as distinct species. 

On the Degeneracy of a Scroll, Article Nos. 1 to 5. 

1, A scroll considered as arising from any geometrical construction, for instance one 
of the scrolls S(?n, n, p), S(w*, n), S(m^) considered in my former memoir, or say in 
general the scroll S, may break up into two or more inferior scrolls S', S", . but as long 
as S', S", . . are proper scrolls (not torses, and d fortiori not cones or planes), no one of 
these can be considered, apart from the others, as the result of the geometrical construc- 
tion, and we can only say that the scroll S given by the construction is the aggregate of 
the scrolls S", . . ; and the like when we have the scrolls S', S", , . . , each repeated any 
number of times, or say when S=S'*S"^ . . . Suppose however that the scrolls S', S", . . 
are any one or more of them a torse or torses — or, to make at once the most general sup- 
position, say that we have S=2S', where 2 is a torse, or aggregate of torses (2=2'“2"^ . . .), 
and S' is a proper scroll or aggregate of proper scrolls; then, although it is not obliga- 
tory to do so, we may without impropriety throw aside the torse-factor 2, and consider 
the original scroll S as degenerating into the scroll S', and as suffering a reduction in 
order accordingly. 

2. As an illustration, consider the scroU S(w, », p) generated by a line which meets 
three directrix curves of the orders m, n,p respectively; and assume that the curves 

• Phil»opHcai Transactions, voi. diii, (1863), pp. 453-4^. 

t Comptes Eendus, t. liii. (1861), see p. 888. 

4 E 2 
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m, p are each of them situate on the same scroll % the curve m meeting each gene- 
rating line of 2 in as points, the curve n each generating line in j8 points, and the curve 
p each generating line in y points. Each generating line of X is times a generating 
line of S, and we have where & may be a proper scroll ; it is however to be 

noticed that if the curves m, n, p any two of them intersect, S' will itself break up and 
contain certain cone-factors, as will presently appear. And if S, instead of being a 
proper scroll, be a torse, then we may consider S as degenerating into S', the reduction 
in order being of course =aj3y X order of S. 

3. But this is not the only way in which the scroll S(w, n, p) may d^enerate ; for sup- 
pose that two of the directrix curves, say n and j?, intersect, then the lines from the 
point of intersection to the curve m form a cone of the order m which will present 
itself as a factor of S ; and generally if the curv^es n and p intersect in a points, the 
curves^ and min 13 points, and the curves m and n in y points, then we have a cones 
each of the order m, j3 cones each of the order n, and y cones each of the order p, or 
say S=CS', where C is the aggregate of the cone-factors; and the scroU S degenerates 
into S', the reduction in order being =ocm-{-l3n+yp. It is hardly necessary to remark 
itat if a point of intersection of two of the curves is a multiple point on either or each 
of the curves, it is, in reckoning the number of intersections of the two curv^es, to be 
taken account of according to its multiplicity in the ordinary manner. 

4. There is yet another case to be considered : suppose that the curves n and p lie on 
a cone, and that the curve m passes through the vertex of this cone ; this cone, repeated 
a certain number of times, is part of the locus, or we have S=(7S', so that the scroll S 
degenerates into S', the reduction in order being =^X order of cone. If, to fix the ideas, 
the curves n andp are respectively the complete intersections of the cone by two sur- 
faces of the orders h respectively (this implies n=gJc, p=^hk, if ^ be the order of the 
cone), which surfaces do not pass through the vertex of the cone, and if, moreover, the 
vertex of the cone be an a-tuple point on the curve m, then $=agh, and the reduction 
in order is =zaghJc. 

5. The foregoing causes of reduction, or some of them, may exist simultaneously ; it 
would require a further examination to see whether the aggregate reduction is in all 
<mses the sum of the separate reductions. But the aggregate reduction once ascertained, 
then writing S(m, w, p) for the order of the reduced scroll, we shall have 

S{m, n, Eeduction. 

In particular, in the case above referred to, where the curves n and p, p and m, m and n 
meet in a, j3, y points respectively, but there is no other cause of reduction, 

8(m, n, p)=2mwj?— /3?i~yp, 

which is a formula which will be made use of. 

The foregoing investigations apply, mutatis mutandis^ to the scrolk n), S(m^) ; 
but I do not at present enter into the development of them in regard to these sarolls. 
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Scrolls with two directrix lines, Article Nos. 6 to 11. 

6. Consider now a scroll haYii^ two directrix lines : it may be assumed that the^ do 
not intersect ; for if they did, then any generating line, qm line meeting the two direc- 
trix lines, would either lie in the plane of the two lines, or else would pass through 
their point of intersection ; that is, the scroll would break up into the plane of tte two 
lines, considered as the locus of the tangents of a plane curve, and into a cone having 
for its vertex the point of intersection of the two lines. !^ch generating line meets 
any plane section of the scroll in the point where such generating line meets the plane 
of the section ; the plane section constitutes a third directrix ; or the scrolls in question 
are all included in the form S{1, 1, m), where m is a plane curve. The order of the scroll 
S(l, 1, m) is in general =2w; but if the one line meets the curve os times, that is, in 
an £6-tuple point of the curve, and the other line meets the curve /3 times, that is, in a 
^-tuple point of the curve, then by the general formula (ante, No. 5) the order of the 
scroll is =2m— a— /3; and in particular if a-f/S— m, then the order is 

7. We may without loss of generality attend only to the last-mentioned case. To 
show how this is, suppose for a moment that the two lines do not either of them meet 
the curve ; the scroll is then of the order 2in. Call the point in which each line meets 
the plane of the curve the foot of this line, then the line joining the two feet meets the 
curve in in points ; and it is in respect of each of these points a generating line of the 
scroll; that* is, it is an ?y^tuple generating line: the section of the scroll by the plane of 
the curve m is in fact this line counting m times, and the curve w-f»l=2w^, the 
order of the scroll. And in like manner the section by any plane through the y? 2 ^tuple 
line is this line counting m times, and a curve of the order m not meeting either of the 
directrix lines. But the section by any other plane is a cun^e of the order 2m meeting 
each of the directrix lines in a point which is an /n-tuple point of the section (each direc- 
trix line is in fact an ??i-tuple line of the scroll) ; and by considering, in place of the par- 
ticular section w, this general section, we have the scroll of the order 2j?i in the form 
S(l, 1, 2m), where the two directrix lines each meet the section m times; so that the 
order is im—m—m=2m, 

8. And so in general, m being a plane curv’e, when the scroll S(l, 1, m) is of an order 

superior to m, say this only means that the section chosen for the directrix 

curve m is not the complete section by the plane of such curve, but that the line join- 
ing the feet of the two directrix lines is a ^-tuple generating line of the scroll, and that 
the complete section is made up of this line counting k times and of the curve m. So 
that taking, not the section through the multiple generating line, but the general sec- 
tion, for the plane directrix curve, the only case to be considered is that in which the 
section is a proper curve of an order equal to that of the scroll ; or, what is the same 
thing, we have only to consider the scrolls S(l, 1, m) for which the order is depressed 
from 2m to m in consequence of the directrix lines meeting the plane section a times 
and (3 times, that is, in an ce-tuple point and a /3-tuple point respectively, where 
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9. It is clear that m the case in qnestioii'the dii^rix lines are an 05 -tuple line and a 

^-tnple line respecti^fy. The generation is as follows: Scroll S{1, l,m) of the order 
m ; the curve m being a plane curve of the order m having an a-tuple point and a 
/3-tuple point, where 05-f/3=?7t: the directrix lines, 1 and 1 ^, pass throu^ these 

points respectively, and they do not intersect each other. The generating lines pass 

tiirough the directrix lines 1 and 1 ' and the curve m, and we have thai<^ the scroll 

S(l, 1, m). Taking at pleasure any point on the curve m, we <mji through this point 

draw a single line meeting each of the directrix lines 1 , that is, the curve m is a 
rimple curve on the scroll. Taking at pleasure a point on the directrix line 1, and 
making this the vertex of a cone standing on the curve m, this cone has an a-tuple line 
(the line 1) and a /3-tuple line (the line joining the vertex with the foot of the line 1^) ; 
the line meets this cone in the foot of the line 1 ', counting f3 times, and besides in 

/3, =05 points; the lines joining the vertex with the last-mentioned points respect 
ively (or, what is the same thing, the lines, other than riie /3-tuple line, in which the 
plane through the vertex and the line 1 ' meets the cone) are the a generating lines 
through the assumed point on the line 1 ; and the line 1 is thus an a-tuple line of the 
scroll. And in like manner, through an assumed point of the directrix line 1', we con- 
struct (3 generating lines of the scroll ; and the line 1' is a /3-tuple line of the scroll. 

10 . The scroll S(l, 1, m) now in question has not in general any multiple generating 

line ; in fact a multiple generating line would imply a corresponding multiple point on 
the section m ; and this section, assumed to be a curve having an a-tuple point and a 
/3-tuple point, has not in general any other multiple point. But it may have other 
multiple points ; and if there is, for example, a y-tuple point, then the line from this 
point which meets the two directrix lines counts 7 times, or it is a y-tuple generating 
line; and so for all the multiple points of m other than the a-tuple point and the 
P-tuple point which correspond to the directrix lines respectively. It is to be noticed 
that the multiplicity 7 of any such multiple generating line is at most equal to the 
smallest of the two numbers a and /3; for suppose 7 >a, then, since a-fp=m, we 
should have and the line joining the 7 -tuple point and the /3-tuple point 

would meet the curve m in y-j-jS points, which is absurd. In the case of several 
multiple Hnes, there are other conditions of inequality preventing self-contradictory 
results 

11. The general section is a curve of the order m, having an a-tuple point and a 
/3-tuple point corresponding to the directrix lines respectively, and a y-tuple point, 
&c. . . . corresponding to the other multiple points (if any). A s^Jtion through the 
directrix line 1 is in general made up of this line, counting a times, and of P generating 
lines passing through one and the same point of the directrix line 1 ' ; if frie section pa^ 

* Suppose, for example (see paragraph of the text), that there were a y-tuple generating line and a 

tuple generating line lying in phno with the hne 1 ; these lines counting as (y-f lin^, must be included 
among the jS generating lines through the plane in question ; this impli^ that 7+ a conclusion which 
must be obtainable from consideration of the curve m irre^ctively of the scroll. 
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also tliromgfe a y-taple generating line, then, of the |3 generating lines in question, y 
(which, as has been seen, is >/3) unite together in the y-tuple generatii^ line ; and so 
for tibie sections through the directrix line 1'. The general section through a ^-'•tuple 
generating line is this line counting y times, and a curve of the order m—y, which has 
an (a— y)tuple point at its intersection with the directrix line 1, and a (P— y)tuplb point 
at its mter^ction with the directrix line 1' ; it has a S-tuple point, &c. . . at its inter- 
sections with the other multiple generating lines, if any. 

Scrolls with a twofold directrix line. Article Nos. 12 to 16. 

12. But there is a case included indeed as a limiting one in the foregoir^ general 
case, hut which must be specially considered ; viz, the two directrix lines 1 and 1' may 
coincide, giving rise to a twofold directrix line. To show how this is, I return for the 
moment to the case of the scroll S(l, 1, m) with two distinct directrix lines 1 and 1', 
and, to fix the ideas, I suppt^e that the directrix lines do not either of them meet the 
curve m, so that the order of the scroll is =2m. Through the line 1 imagine the series of 
planes A,B, C, . . . meeting the line V in the points d the generating lines through 
the point are the lines in the plane A to the points in which this plane meets the 
curve m ; the generating lines through the point b' are the Imes in the plane B to the 
points where this plane meets the curve m ; and so for the generating lines through the 
points d, d ! . . And it is clear that the points c', . . correspond homographi- 
cally with the planes A, B, C, . . . This gives immediately the construction for the 
case where the two directrix lines come to coincide. In fact, on the twofold directrix 
line l=rl' take the series of points a, b, c . and through the same line, corresponding 
homographically to these points, the series of planes A, B, C, . . ; the generating 
lines through the point a are the lines through this point, in the plane A, to the 
points in which this plane meets the curve m ; and so for the enthe series of points 

c, . . of the line 1=1^; the resulting scroll, which I will designate as the scroll S (1, 1, m), 
remains of the order =2w. If there is given a point of the curve m, then the plane 
through this point and the directrix line is the plane A ; and the point a is then also 
given by the homographic correspondence of the series of planes and points, and the 
generating line through the given point on the curve m is the line joining this point 
with the point a, 

IS. We may say that, in regard to any point a of the line I, the corresponding plane 
A is the plane of approach of the coincident line V ; and that in regard to the same 
point a and to any plane through it, the trace on that plane of the plane of approach is 
the line of approach of 1' ; that is, we may consider that the coincident directrix line I' 
meets the plane through a in a consecutive point on the line of approach. In particular 
if the point a be the foot of the directrix line 1 (that is, the point where this line meets 
the plane of the curve m), and the plane through a be the plane of the curve m, then 
the intersection of the last-mentioned plane by the plane A which corresponds to the 
point a is the line of approach, and the foot of the coincident directrix line 1' is 
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the consecutive point to a along the line of approach. The expression “ the line of 
approach,” used absolutely, has always the signification just explained, viz, it is the inter- 
section of the plane of the curve m by the plane corresponding to the foot of the direc- 
trix line. 

14. Suppose now that the line 1 meets the curve or, more generally, meets it m 
times, that is, in an «-tuple point ; it might at first sight appear that the coincident 
line 1' should also be considered as meeting the curve a times, and that the resulting 
scroll should be of the order 2»i— a— a=2m— 2a. But this is not the case; so long 
as the direction of the line of approach is arbitrary, the line 1' must be considered as a 
line indefinitely near to the line 1, but nevertheless as a line not meeting the curve at 
all ; and the order of the scroll is thus =2m— a. If, however, the line of approach is 
the tangent to a branch through the a-tuple point — that is, if the plane correspondmg 
to the a-tuple point meet the plane of the curve in such tangent, then the coincident 
line 1' is to be considered as meeting the cuive m in a consecutive point on such branch, 
and the order of the scroll is =2m— a— 1. And so if at the multiple point there are 
/3 branches having a common tangent, then the coincident line 1' is to be considered 
as meeting the curve m in a consecutive point along each of such branches, or say 
in a consecutive /3-tuple point along the branch, and the order of the scroll sinks to 
2m-- a— /3. The point spoken of as the a-tuple point is, it should be observed, more 
than an a-tuple point with a /3-fold tangent ; it is really a point of union of an a-tuple 
point and a /B-tuple point, or say a united a(-{-/3) tuple point, equivalent to 

double points or nodes; and the case is precisely analogous to that of the scroll 
S(l, 1, m), where the two directrix lines pass through an a-tuple point and a /3-tuple 
point of the curve m respectively. It may be added that if at the multiple point in 
question, besides the /3 branches having a common tangent, there are y branches having 
a common tangent, then the point is, so to speak, a united a(-l-|3, -fy)tuple point 
equivalent to l) + 4/3(/3—l)-i-|y(y— 1) double points or nodes; but the order of 
the scroll is still =2m— a— /3. 

15. In the same way as the scrolls S(l, 1, m) are all included in the case where the 

order of the scroll, instead of being =2m, is =m, so the scrolls S(l, 1, m) axe all 
included in the case where the order of the scroll, instead of being =2m, is =m. That 
is, we may suppose that the curve m has a united a( -f-/3)tuple point (a+/3=m), and may 
take the directrix line to pass through this point, and the line of approach to be the 
common tangent of the /3 branches ; and this being so, the order of the scroll will be 
2m— a— /3, It may be added that if the curve m has, besides the a(+/3)tuple 

point, a y-tuple point, then the scroU will have a y-tuple generating line, mid so for 
the other multiple points of the curve m. 

16. We may, in the same way as for the scroll S(l, 1, m), consider the different 
sections of the scroll S(l, 1, m) of the order m. The geneml section is a curve of the 
order m, having an a( -4-/3) tuple point at the intersection with the directrix line, and a 
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y-taple point, &c. eoiresponding to the multiple generating lines, if any, A section 
tinror^b the directrix line is in general made up of this line counting a times, of ^ 
generating lin^ through the point which corresponds to the plane of the section ,* if 
the section pass also through a y-tuple generating line in the same way as for 

the scroll 8(1, 1, m)), then, of the /3 generating lines, y unite together in the y-tuple 
generating line. The general section through a y-tuple generating line breaks up into 
this line counting y times, and a curve of the order m— y, which has on the directrix 
line an os— y(4-^-— y)tuple point and a ^-tuple point, &c. at its intersections with the 
other multiple generating lines, if any. 

Eguafim qf the Scroll S(l, 1, m) of the Order m, Article Nos. 17 & 18. 

17. Taking for the equations of the directrix lines (a:=0, y=0) and (25=0, «o=0), 
and supposing that these are respectively an a-tnple line and a j3-tuple line on the scroll 

it is obvious that the equation of the scroll is 

(*X«. y)“(2. ®7=0. 

In fimt starting with this equation, if we consider the section by a plane through the 
line (ar=0, ^=0), say the plane then the equation gives 

^(♦Xl, x)“(2, 

that is, the section is made up of the line (ar=0, j^=0) reckoned a times, and of |3 other 
lines in the plane ^=7wr; and the like for the section by any plane through the line 
(s=0, w=0), say the plane z^m. Hence the assumed equation represents a scroll of 
the order m, having the two lines for an <Ji-tnple line and a /3-tuple line respectively, 
and conversely such scroll has an equation of the assumed form. 

Case of a y-tuple generating line. 

18. The multiple generating line meets each of the lines {x= 0, y= 0) and (25=0, w=0) ; 
and we may take for the equations of the multiple generating line a?-}-y=0, 25+«?=0. 
This being so, the foregoing equation of the scroU may be expressed in the form 

(tl«> z+w/=o, 

or say 

(U, V, w, ..x^, «+®x=0, 

where U, V, W, ... are hinctions of the form yy. Hence (y^os or /3), if the func- 
tions U, Y, W, ... contain respectively the factors (^+y)^ Ihe 

equation will be of the form 

(♦X^+y, z+wy—0 

(the coefficients being functions of y, z and s-j-tt?, or, what is the same thing, z, 
of the order as-f y), and the scroll will therefore have the line ^+y=6, 25-fw=0 as 
a y-tuple generating line. 

MDCCcmv. 4 F 
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Eq^mMm ofths Scroll S(l, 1, m) of the Order m, Article Nos. 19 to 24 

19. We may take ar=:0, O.for the equations of the twofold directrix line, 25=0 
for the equation of the plane of the curve m (an arbitrary plane section of the scroll). 
Then (a-f-j3=:m), if the curve m have at the point (ir=0, jr=0), or foot of the directrix 
line, an a(-|-p)tuple point, and if moreover we have y=0 for the equation of the 
common -togent of the /3 branches (viz. if the plane ^=0, instead of being an arbitrary 
plane through the directrix line, be the plane through this line and the common tangent 
of the jS branches), the equation of the curve m will be of the form 

where the summation extends to all integer values of from 0 to both inclusive. 

20. Taking for the equation of any plane through the directrix line, then the 
corresponding point on the directrix line wili be the intersection of this line (r^=0, 

y=0) by the plane z=&w, where of directrix line is given by the 

value fcO, or }i= — and the equation of the line of approach is therefore 

this should coincide with the line y=0, w*hich is the common tangent of the (3 branches ; 
that is, we must have d=0; I retain, however, for the moment the general value of 4 

21. The equations of a generating line will be 

z—^w--pr; 

and then taking X, Y, (Z=0) and W for the coordinates of the point of intersection 
with the curve m, we have 

Y=xX, 0=^W~i?X, 

S(YW}^'(*IX, 

and thence 

or, what is the same thing, 

which equation, substituting therein for 0 its value in terms of gives the parameter p 
which enters into the equations of the generating line ; or, what is the same thing, the 
equation of the scroll is obtained by eliminating X, p from the equation just mentioned 
and the equations 

. . flX -f* b 

z=6m-px, i= — 

22. These last three equations give 

^ ay + bw ^ dw—z {ay Jrbx)w— {cy -\-dx)z . 

X cy-{-dx " X a? 

and substituting these values, we find for the equation of the scroll 

H(ay -f- hxf'^y^lfay -f- hx)w—{cy-\- dx)zf{^'fxy 
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which is of the order =2®fe — a, so that the tuple point, in the case 

actually under consideration, produces only a reduction =«. If however the line of 
approach coinddes with the tangent of the (3 branches, then 5=0 ; the factor ^ divides 
out, and the equation is 

which is of the order a 4-/3, =m, so that here the reduction caused by the oi(+P)tuple 
point is =a4-|3. We may without loss of generality substitute as for and 

then, putting dso «=1, we find that when the equation of the curve m is as before 

but the plane through the directrix line (^=0, y~^), and the point on this line,* are 
respectively given by the equations the equation of the scroll is 

23. The result maybe verified by considering the section by any plane through 
the directrix line. Substituting for y this value, we find 

rls^-^{kw-zf’(^Xh 

which is of the form 

so that the section is made up of the directrix line (a^=0, y=0) reckoned a times and 
of /3 lines in the plane ^—>^=0, the intersections of the plane >wr=0 by planes such 
as z^Xw^ 2 )S. 

Case of a ytuple generating line, 

24. The equation of the scroll may be written 

(U, V, W, 

where U, V, W, . . . are functions of a*, y of the forms 

(*Xa;, y)", (»X.r, y)’‘-\ (*Jx, yf-', . . . 

Assuming that these contain respectively the factors 

(y-xs)\ 

where then the equation takes the form 

(XT', V, W'. . r))^=0, 

where fhe coefficients TP, W', ... are functions of x, y, z, w of the orders w— y, 
m—y—l, w—y— 2, . . . ; or, what is the same thing, the equation is 

(w, w", . . Xn-^y ^w-zy=0, 

whare U^, V", ... are functions of x, y^ z, w of the order m—y. The ^oli has 

thns the y-tuple generating line 

«^=0, xw—z=0. 

4f2 
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CbMe Scrolls, Article Nos. 25 to 35. 

25. In the case of a cubic scroll there is necessarily a nodal* line ; in fact for the 
m-<Mc scroll there is a nodal curve which is of the order m— 2 at least, and of the order 
-Km— l)(m— 2) at most, and which for m=3 is therefore a right line. And moreover 
we see at once that every cubic sur&ce having a nodal line is a scroll ; in fact any plane 
whatever through the nodal line meets the surface in this line counting as 2 lines, and 
in a curve of the order 1, that is, a line; there are consequently on the surface an 
infinity of lines, or the surface is a scroll. We have therefore to examine the cubic 
surfaces which have a nodal line. 

26. Let the equations of the nodal line be ^=0, ^=0; then the equation of the 
surface is 

U2+Vtt?+Q=0, 

where U, V, Q are functions of (x, y) of the orders 2, 2, 3 respectively. Suppose first 
that U, V have no common factor, then we may write 

Q=(aa:-f %)U+(yar-f Sy)V ; 

and substituting this value, and changing the values of z and w, the equation of the 
surface is of the form 

U2+Vic=0, 

or, what is the same thing, 

so that, besides the nodal directrix line (^=0, ^=0-), the scroll has the simple directrix 
line ( 2 = 0 , 10 = 0 ) : it is clear that the section by any plane whatever is a cubic curve 
having a node at the foot of the nodal directrix line (ar=0, ^=0), and passing through 
the foot of the simple directrix line ( 2 = 0 , w=0); that is, it is a cubic scroll of the kind 
S(l, 1, 3); and since for m=3 the only partition m=a-h^ is m=2-|-l, there is only 
one kind of cubic scroll S(l, 1, 3), and we may say simplidter that the scroll in question 
is the cubic scroll S(l, 1, 3). 

27. If however the functions U, V have a common factor, say {?ur-f /xy), then 
sU+mjY will contain this same factor, and the remaining factor will be of the form 

or, changing the values of z and w, the remaining factor will be of the form yw^xz, 
and the equation of the scroll thus is 

{7jv-\r(^y){y^-rz)+{*X^, yy=0, 

where it is clear that the section by any plane whatever is a cubic curve having a node 
at the foot of the directrix line ^=0, y—0. The scroll is thus a cubic scroll of the 
form S(l, 1, 3), viz. it is the scroll of the kind where the section is a cubic curve with 
a 2(+l)tuple point (ordinary double point, or node), the line of approach being one 
of the two tangents at the node; and since for m=3 the only partition m=«+|3 is 

* The nodal line of a cubic scroll is of course a double line, and in regard to titiese scrolls the ejdtbets * nodal* 
and ‘ double’ may be used indifferently. 
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m=2+l9 thea-e is only one kind of cubic scroll (171, 3), and we may mj ^plimter 
that the scroll in question is the cubic scroll S{I7l, 3). The conclusion ther^ore is 
that for cubic scrolls we have only the two kinds, S(l, 1, 3) and S(I71, 3). The fore- 
going equations of these scrolls admit however of simplification; and I will^ further 
consider the two Muds respectively. 

The CMc Scroll S(l, 1, 3). 

28. Starting from the equation 

or, writing it at full length, 

z{a, I, clx, V, d^s, yf=0, 

we may find , 4 so that 

(a. cfcy)’+^i(a', V, c'I®,y)“=(i'.if+2,y)S 

(a, h, cXx, yf+h{<d, V, djx, yf-^ip^+q^Y, 

and being unequal, since by hypothesis {a, b, yf and (a', i', d^x, yf have no 
common factor. This gives 

(a,b,cXx,yy=cc(p,x+q,yy+l3(p^+q^y, 

(o', y, dXx, yy=rip,x+q,yy+ Hp^+q=yy ; 
or the equation becomes 

(az+yw)(p^+q^y+{^z+hv}(p^+9^y =^ ; 

or changing the values of (r, and of (z, to), the equation is 

a^z-j-y^w=0, 

which may be considered as the canonical form of the equation. It may be noticed 
that the Hessian of the form is 

29. We may of course establish the theory of the surface from the equation 

3fs+^w=0 ; the equation is satisfied by w=-‘K% which are the equations 

of a line meeting the line (r=0, y=0) (1) and the line (z=0, «?=0) (!'). The gene- 
rating line meets also any plane section of the surface ; in fact, if the equation of the 
plane of the section be then we have at once 

x:y:z: yX : — y : aX-|-l3 • — aX^— /3X* 

for the coordinates of the point of intersection. 

30. The form of the equation shouts that there are on the line 1 two points, viz. the 
points (r=0, 3 ^= 0 , z=0) and (r=0, ^=0, io=0), through each of which there passes 
a pair of coincident generating Hnes : calling these A and B, then, if the coincident 
lines through A meet the line 1' m C, and the coincident lines through B meet the line 
1' in D, it is easy to see that ^=0,^=0, z=0, and a?=0 will denote the equations of 
the planes BAG, BAD, BCD, and ACD respectively. 
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SI. We obtam also tbe foUowing constructioii : take a cubic cuirve having a nwle, 
and from any point K on the curve draw to the curve the tangents Kf ; tiirough 
the points of contact draw at pleasure the lines pAC and through the node draw 
a line meeting titese tWo lines in the points A, B respectively, this will the line 1 ; 
and through the point K a line meeting the same two lines in the points C and B 
respectively, this will be the line 1'; and, the equations r=0, ^^=0, ^=0, w=0 
denoting as above, the equation of the surface will be 

The points A and B are cuspidal points on the nodal hue ; any i^ction of the scroll 
by a plane through one of these points is a cubic curve having at the point in question 
a cusp. 

32. It is to be noticed however that the cuspidal points are not of necessity real ; if 
for r, y we write and in like manner z^—tw for w, then the equa- 


tion takes the form 




which is a cubic scroU S(l, 1, 3) with the cuspidal points imaginary. 

In the last-mentioned case the nodal line is throughout its whole length crunodai ; 
in the case first considered, where the equation is the nodal line is for that 

part of its length for which z, w have opposite signs, crunodai ; and for the remainder of 
its length, or where z, w have the same sign, acnodal. There are two different forms, 
according as the line is for the portion intermediate between the cuspidal points cru- 
nodai and for the extramediate portions acnodal, or as it is for the intermediate portion 
acnodal and for the extramediate portions crunodai 


CuMc Scroll S(1, 1, 3). 

33. Starting from the equation 

{>j:+fky)(jiw—xz)+(*j!t,yy=% 

then putting for w and "kz for 2 , this may be written 

(Xj+f^) [yw- +{#lxa^+ w, Sf)’=0, 
car, what is the same thing, 

y )^=0 ; 

and then, if y)^ may be written 

-f ^==0 ; 

or changing the v^nes of w and z, we have 
£p(^s;z)-^f=0 

for the equation of frre scroll S(l, 1, 3)** 

* It is somewhat more convenient to change the s^ of 2 , amd take as file camonical 

form. 
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S4 TLe Hesdau of the form is and it thus appears that the plaiw iP=0 is a deter- 
minate plane through the double line. But^=:0 is not a determinate plane; in fact, 
if for y we write y-f the equation is 

■-~a^z-Yxw{y + {y-\' ?ur)’=: 0, 

ttiat is, * 

--3^(Z’--'kw-‘^K^y--X^x)-\~xy{W’\- 3xr) 0, 

which, changing z and w, is still of the form x(yW’--xz)-\-y^—^. 

The planes 2=0, t(;=0 will alter with the plane ^=0, but they are not determined 
eTen when the plane ^=0 is determined; in fact we may, without altering the equa- 
tion, change w, z into w-\-&y^ z-\-6x respectively. 

35. In the equation r2')+j^®=0, writing y—Xx, we find for the equations 

of a generating line, y=:Xx, z^^Kw-^-K^x. Considering the section by the plane 
ax-\-^y-\-yz~{-ho=z{)^ we have 

X y Z \ Sx •“•oX^-b/lX^-bQ'X i yK^-\-^X-\-oci 

for the coordinates of the point where the generating line meets the section. 

The generating line meets the nodal line at the intersection of the nodal line by the 
plane s=Xte ; that is, the points 2 =Xw on the nodal line correspond to the planes y=>.r 
through the nodal line. In particular the point w=0 on the nodal line corresponds 
to the plane x=0 through the nodal line: the point yz-\-lw=0 on the nodal line 
(that is, the point where this line is met by the plane (iX’\-^y-\~yz-{'lw^^) corre- 
sponds to the plane through the nodal line; the intersections of the plane 

o^x-\-&y-\-yz-\-lw=^^ by this plane ya:-f-ty=0, and by the plane ^=0, are the tangents 
of the section at the node. 

^mrtic Scrolls, Article Nos. 36 to 50. 

30. We may consider, first, the quartic scrolls S(l, 1, 4). The section is a quartic 
curve having an a-tuple point and a j3-tuple point, where a-f/3=‘l; that is, we have 
a=2, /3=2, a quartic with two nodes (double points), or else a=3, ^=1, a quartic 
with a triple point. But the case «=2, (3=2 gives rise to two species : viz., in general 
the quartic has only the two double points, and we have then a scroll with two nodal 
(2-tuplc) directrix lines, and without any nodal generator ; the section may however 
have a third double point, and the scroll has then a nodal (double) generator. For the 
(mse a=3, /3=1, the section admits of no further singularity, and we have a quartic 
scroll with a triple directrix line and a single directrix line. 

37. Next for the quartic scrolls S(I7l, 4). The section is here a quartic curve with 
an as(-f^)t*ipie point, where a-fj3=:4; that is, «=2, ^=2, or else a=3, ^=l. In 
the former case the section has a 2(+2)tuple point, that is, a double point where the 
two branches have a common tangent — otherwise, two coincident double points: say 
the curve has a tacnode ; the line of approach is the tangent at the tacnode. We have 
here a scroll with a tw^ofold double line; there are however tw’o cases: viz., in general 



572 PEOrESSOE CAYSm ON SKEW SUBPACES, OTHEEWISE SCBOLUS. 


the section has, besides the tacnode, no other double point ; that is, the scroll has no 
nodal generator : the action ma^ however have a third double point, and the sca’oll 
has then a nodal (double) generator. In the case a=3, j3=l the section has a triple 
point, and the line of approach is the tangent at one of the branches at the triple point ; 
the scroll has a twofold, say a 3(-i-l)tuple directrix line: as the section admits of no 
further singularity, this is the only case. The foregoing enumeration gives three species 
of quartic scrolls S(l, 1, 4), and three species of quartic scrolls S(l, 1, 4), together six 
species, viz. these are as follows : — 

Quartic Scroll, First Secies, S(ls, Ig, 4), with two double directnx lines, 
and without a nodal generator, 

38. Taking (r=0, g=0) and (z=0, w=0) for the equations of the two directrix 
lines respectively, the equation of the scroll is 

w)"=0. 

Quartic Scroll, Second Species, S'(l 2 , la, 4), with two double directrix lines, 
and with a double generator, 

39. This is in fact a specialized form of the first species, the difference being that 

there is a nodal (double) generator. Supposing as before that the equations of the 
directrix lines are (^=0, y=0) and (^=0, w=0) respectively ; let the equations of the 
nodal generator be (r-i-^=:0, 2 +^= 0 ); then, observing that for the first species the 
equation may be written (*X^» 2 ^H-w)®= 0 , it is clear that if the terms in and 

z{ 2 -\-w) are divisible by and (x-{-y) respectively, the surface will have as a new 

double line the line (^-f-^=0, z-^rW—i)), which will be a double generator; and we 
thus arrive at the equation of the second species of quartic scrolls, viz. this is 

((«+y)!, [x-\-y){x,y), (x,yyjz,x-Srwf=^. 

Quartic Scroll, Third Species, S(l 3 , 1, 4), with a triple directrix line 
and a single directrix line. 

40. Taking (a:=0, ^=0) for the equations of the triple directrix line, and (z=0, tn=0) 
for the equations of the single directrix line, the equation is 

{*Jx,y)\z,w)-i). 

Quartic Scroll, Fourth Species, S(l 2 , Ig, 4), with a twofold (2(+2)tuple) directrix line, 
and mthout a nodal generator. 

41. Taking (.r=0, ^=0) for the equations of the directrix line, z==0 for that of a 
plane section of the scroll, y=0 for the equation of a plane through the tangent at the 
tacnode of the section, and supposing (see ante. No. 22) that the plane through the 
directrix hne and the corresponding point on this line are respectively given by the 
equations x^-hy and z=zKw, the equation of the scroll is 

(yw—xzy+(yw^xz)(x, yfM^, ^)'=0. 
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Qmrtic Saroll^ MftTi Specks^ 1^, 4), mtk a twofold (2(4-2)tuple) gm&r^ing lin$^ 
and with a double generator. 

42. Let the equations of the double generator be \ then the line in 

question must be a double line on the surface represented by the last-mentioned equa- 
tion, and this will be the case if only the second and third terms contain the factors 
(x-f-y) and (^-f-y)* respectively. The equation for the fifth species consequently is 
{yw-xzY^^^yw-^xz){^c^y){x, y)-k-{x^yf(x, 

Qmrtw Scroll, Sixth Species, S(l3, 1, 4), with a twofold (3(-f l)tuple) gemraUng line. 

48. Taking (a*=0,^=0) for the equations of the directrix line, 2=0 for the equation 
of a plane section, and assuming that the plane y=0 passes through the tangent which 
is the line of approach, and that the plane through the diiectrix line and the corre- 
sponding point on this line are respectively given by the equations x^Ky and z—\w, 
the equation of the scroll is 

{yw—xz^x, yf-^'ix, yy=0. 

I refrain on the present occasion from a more particular discussion of the. foregoing 
six species of quartic scrolls. I establish two other species, as follows ; — 


Qnartic Scroll, Seventh Species, S(l, 2, 2), with nodal directrix line, and mdyil directrix 
conic which meet, and with a simple directrix conic which meets the nodal conic in 
two points. 

44. We see, a priori, that the scroll generated as above will be of the order 4, that 
is, a quartic scroll. In fact using the formula (ante. No. 5), 

Order =2w«p— am— /3«— 7^, 

we have here 

Nodal conic, m=2, a=0, 

Simple conic, =2, /3=1, 

Line , p =1, y=2, 

and hence 

Order =8-2-2, =4. 


45. Take (^=0, ^=0) for the equations of the directrix line, 2=0 for the equation of 
the plane of the simple conic, w?=0 for that of the plane of the nodal conic; since the 
conics intersect in two points, they lie on a quadric surface, say the surface U=0; the 
equations of the simple conic thus me 2=0, tJ=0 ; those of the nodal conic are w=0, 
U=0. The diiectrix line a?=0, y=0 meets the nodal cmiic ; that is, U must vanish iden- 
tically for .2^=0, y=0, w=0 ; and this will be the case if only the term in 2* is wanting ; 

that is, we must have ^ 

U=(a, b, 0, d,f, g, h, I, m, y, 2, to)\ 

But we may in the first instance omit the condition in question, and write 

U=(«, b, c, d,f, g, h, I, m, nfx, y, z.,wf; 

this would lead to a sextic instead of a quartic scroll 

MDCCCLXIV. 4 Q 
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46. The equations of a generating line (siace it meets the directrix line ir=:0, ^=:0) 
may be taken to be 

x=ay, 

the condition in order to the intersection of the generating line with the nodal conic is 
at once found to be 

-f- 2 Ace + ^ “h 

and that for its intersection with the simple conic 

and writing the equations of the generating line in the form 

w ^y—z^ 

the elimination of ee, /3, 6 from these four equations gives the required equation of the 
scroll. Writing for a moment 

0 =:(3!ce*+2Aa+^, 

F —gfz -\-f , 

M=?a -\-m , 

we find 

c/3* +2F/3 +0=0, 

( 0^+ 2Myw + dw^)^—-2{Qgz + Mw2)|3+ 02*= 0 ; 

O 

or, introducing at this place the condition c=0, the first equation gives /3=— and 
we thence obtain 

0(0y* + 2M^+ dw*) + 4F( 0y2 + Mw2)+ 4P2*= 0, 

or, what is the same thing, 

(0y+2F2)*+2Mw(03^+2F2)+ea5«;*=O ; 

whence, observing that we have 

^_aa^-\-2hxy+bf ^ ffx+Jy 

0- p , F=-y-, M=-y-’ 

the equation of the scroll is 

{aa^-{-2hxg-^bg^-\-2gzx-^2fyzf 

+ 2{ax^-\-2Jixy + hf-\-2gzx-\-2fyz){lx~\-my)m 

+ (flwc®+2Aa?y+5y*)dw*=0. 

And we see from the equation that the surfece contains the line (ar=0, ^=0) as a double 
line, the conic 

aa?*+2A^+^+2^2a?+2j^2=0 
as a double curve, also the conic 

s=0, aa;*+2Ary+J5^+2Ara?+2myu?+<iio*=0 
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m a simple curve on the surface, — the complete intersection by the plane being in 
fact the last-mentioned conic, and the pair of lines 
5=0, 

Quartic Scroll^ Eighth Species, S(l, 3*), with a directrix line, md u directrix skew 
cuMc mst twice by each generating line. 

47. We see, a priori, that the scroU is of the order 4, that is, a quartic scroll ; in fact 
for the scroll S{1, m®) the order is =[m]*+M (first memoir, p. 457), and we have here 
m=S, M=:^— 3=— 2 ; that is, order =6—2, =4. 

48. The equations of the cubic curve may be taken to be 

X, y, z =0, 
y, z, w 

or, what is the same thing, 

3:2:— /= 0 , ^ 2 = 0 , 2 ®= 0 ; 

those of the directrix line may be represented by 

ax -}-/3y -kyz =0, 

or, what is the same thing, if 

/3y-i3V=«, 

a/3' — a'/3=c, yS=A 

(and therefore identically a/'’j~hg-j-ch=0), the line is defined by means of its ‘‘ six coor- 
dinates ’’ (a, 5, c,f, g, h). 

49. The equations of the cubic curve are satisfied by writing therein 

x:y:z:w=l:t:f:f, 

and therefore the coordinates of any two points on the curve may be represented by 
(1, f) and (1, (p, f); hence, if x, y, z, w are the coordinates of a point in the 

line joining the last mentioned two points, we have 

which equations, treating therein l^mm indeterminate parameters, give the equations 
of the line in question. And putting moreover 

p:=zyW’--f, r=:XZ—f, 

we have identically 

j? : : r=^ : —(^+9) : 1. 

50. In order that the line in question may meet the directrix Hne, we must have 
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that i% dminatiiig I and m, we must have 

a'V/3'^-hy^+S'^, a'4-/3'?!+yf^-f-^y 

or, developing, 



the several terms in (^, ^), each divided by (p—^, give respectively 
which are equal to 


(r*, q^—pT, pr, —pq, _p®); 

hence replacing also a/B'— a'|3, &c. by their values &c., we find 
(c, -»,/, a, </, AX»^. — 2''> t—pr^pr, 


or, what is the same thing, 


{Kf, c, b, a—f, —^p, q, r)‘=0, 

where the coefficients (a, b, c,f, g, h) satisfy the relation (^+Jjr+cA=0; q, r stand 
respectively for 


Writing for greater convenience 

{b,f, c, b, a —f, — ^)=(a, b, c, 2f, 2g, 2h), 


or, what is the same thing, 

(a. b, c,f, g, A)=(b+2g, 2f, c, b, -2h, a), 

then we have 


= ac-fb^+2bg-— 4f h= 0, 


And hence finally we have for the equation of the scroll S(l, 3®}, 

(a, b, c, f, g, KXpw—z^, yz—xw, a:z— 3 ^X= 0 , 
where the coefficients satisfy the relation 

ac-l-b^+^bg— 4fh=0. 

The equations of the directrix cubic are of course 

2®=:0, 2/2—aw=0, xz^y‘^=Q; 
and the directrix line is given by its six coordinates, 

(b+2g, 2f, c, b, --2h, a) 


On the general Theory of Scrolls, Article Nos. 51 to 53, 

51. I annex in conclusion the following considerations on the general theory of 
scrolls. Consider a scroll of the Tith order ; the intersection by an arbitrary plane, say 
the plane w=0, is a curve of the wth order (#3[x, y, 5 pohit (x, y, z, 0) where 
(x, y, z) satisfy the foregoing equation, is the foot of a generating line ; and we may 
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imagme this generating line determined by means of the coordinates (X, Y, Z, W), given 
functions of (ar, z) of a point on the Hne. This being so, the six coordinates,” say 
(j?, g-, r, s, t, n), of the line are 

I X, Y, Z, W 

\ x, y, z, 0 

viz. 

pz=:Yz-^Zy, 8 = —W£C, 
g=Zr-Xz, t=:--Wy, 
r=X^— Ya?, %=— W 2 ; 

or, miting for greater convenience —t? in the place of W, the six coordinates of the line 
are g, r, uar, vy, vz, where g?, g, r are functions of (ar, y, z), connected by the relation 
|?ar-fgg-|-?;jz=0 ; and v is also a function of (a:, y, z). 

52. Consider the intersection of the surface by an arbitrary line the six coordinates 
whereof are (A, B, C, F, G, H); then for the generating lines which meet this line we 

«{ Ar + % 4* C 2 ) -h Fj? + Gg -f Hr = 0 . 

And this equation, together with the equation(*X^, y, 25 )"= 0, determines (s, y, «), the coor- 
dinates of the foot of a generating line which meets the arbitrary line (A, B, C, F, G, H)- 
Since the order of the scroll is equal n, the number of such generating lines should be 
—n, that is, there should be n relevant intersections of the two curves. 


t?( Ar -f By 4 4 + Grg 4 Hr = 0, 

(*Xx, y, 2)-=0. 

But if (j>, g, r, vs, vy, vz) are each of the order k, the number of actual intersections 
is =:A; 7 ^, which is too many by 
53. Suppose that the curves 

. J?= 0 , g= 0 , r= 0 , rr= 0 , ty= 0 , rz= 0 , 

or say the curves 


g)=0, g=0, r=0, t)=0 

have in common 6 intersections, and let these be points of the multiplicities a^, * 3 . . . 
on the curve (#X^j z )*=0 (viz. according as the curve does not pass through any one 

of the intersections in question, or passes once, twice, &c. through such intersection, we 
have for that intersection ai= 0 , 1 , 2 , &c., as the case may be, and so for the other inter- 
sections); then the kn points of intersection include the a, 4 aa---- 4 %> ^ 

intersections ; but these, being independent of the line (A, B, C, F, G, H) under considera- 
tion, are irrelevant points, and the number of relevant points of intersection is kn--Xc6; 
that is, if we have Xc6={k^l)n, then the scroll in question, viz. the scroll generated by 
a line which meets the plane w =:0 in the curve (*yjs, y, z)''=0, and which has for its 
six coordinates (p, g, r, vs, vy, vz), will be a scroll of the nih order. 
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XVI. Algebraical Researches^ cmtainmg a disquidtion on Newton’s Rule for the IHscocery 
of Imaginary Roots, and an allied Rule applicable to a particular class of Eqpatiom, 
together with a complete invariantive determination of the character of the Roots of 
the General Equation of the fifth Degree, &c. By J. J. Sylvestek, M.A., F.R.S., 
Correspondent of the Institute of France, Foreign Member of the Royal Society of 
Naples, etc. etc.. Professor of Mathematics at the Royal Military Academy, Woolwich. 
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Turns Hiem to shapes and giv^ to airy nothing 
A local habitation and a name. 

(1) This memoir in its present form is of the nature of a trilogy ; it is divided into 
three parts, of which each has its action complete within itself, but the same general 
cycle of ideas pervades all three, and weaves them into a sort of complex unity. In 
the first is established the validity of Newton’s rule for finding an inferior limit to the 
number of imaginary roots of algebraical equations as far as the fifth degree inclusive. 
In the second is obtained a rule for assigning a like limit applicable to equations of the 
form 0, m being any positive integer, and the coeificients a, b real. In the 

third are determined the absolute invariantive criteria for fixing unequivocally the 
character of the roots of an equation of the fifth degree, that is to say, for ascertaining 
the exact number of real and imaginary roots which it contains. This last part has 
been added since the original paper was presented to the Society. It has grown out 
of a foot-note appended to the second, itself an independent offshoot from the first part, 
but may be studied in a great measure independently of what precedes, and constitutes, 
in the author’s opinion, by far the most valuable portion of the memoir, containing as it 
does a complete solution of one of the most interesting and fruitful algebraical questions 
which has ever yet eng^ed the attention of mathematicians (^). I propose in a subse- 
quent addition to the memoir to resume and extend some of the investigations which 
incidentally arise in this part. The foot-notes are numbered and lettered for facility of 
reference, and will be found in many instances of equal value with the matter in the 
text, to which they serve as a kind of free running accompaniment and commentary. 

p) I owe my thanks to my eminent Mend Professor De Moegae for bringing under my notice, in a marked 
manner, the origmal question from which jdl the rest has proceeded. As all roads are said to lead to Rome, so 
I find, in my own case at least, that aU ^gebraical inquiries Eooner or later end at that Capitol of Modem 
A^bra over whose shining portal is inscribed “Theory of Invariants.” 
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Paet I.— on newtofs eule foe the biscoyeey of imagikaet boots, 

(2) In the ‘Arithmetica Universalis,’ in the first chapter on equations, Newtok has ^^ven 
a rule for discovering an inferior limit to the number of imaginary roots in an equaHon 
of any degree, without proof or indicatian of the method hy which he arrived at it, or to 
evidence upon which it rests (^). Maclaubin, in voL xxjdv. p. 1#4, and voL sxxvi. p^ 59 
of the Phibi^phicd IVansactions, Campbell(®) in vol. xxxviii. p. 516 to same, and 
other authors of reputation have sought in vain for a demonstration of this marvellous 
and mysterious rule(^). Unwilling to rest my belief m it on mere empirical evidence, I 

Q It appears to be the prevalent belief among mathematicians who have considered the question, that 
Newton was not in possession of ofiier tiian empirical evidence in suj^rt of his nde. 

(^) Campbell’s memoir is rather on an analogous rule to Newton’s than on the rule itself, to which he refers 
only by way of comparison with bis own. In it the same singular error of reasoning is committed as in the 
notes of the French edition of the Arithmetica,’ viz. of assuming, without a shadow of proof, that if each of a 
set of criteria indicates the existence of some imaginary roots, a succession of sets of such criteria must indicate 
the existence of at least as many distinct imaginary pairs of roots as there are such sets (see par. at foot of 
p. 528, Phil. Trans., vol. xxxv.) — much as if, supposing a number of dogs to be making a point in the same 
field, the existence could be assumed of as many birds as pointers. 

(^) Mr. AncsacEBAij) Smith: has obligingly called my attention to WABiNe’s treatment of the questien oi New- 
ton’s rule in the ‘ Meditationes Analytical’ On superficial examination the reader might be induced to suppcse 
that in part 9, p. 68, ed. 1782, Waeino had deduced a proof of the rule from the preceding propositions ; but on 
looking into the case wlU find that there is not the slightest vestige of proof, the rule being stated, but without 
any demonstration whatever being either adduced or alleged. In fact, on tuming to the preface of this (the 
last) edition of the ^ Meditationes,’ the reader will find at p. 11 an explicit avowal of the demonstration being 
wanting. After referring in order to Campbell’s, Maclaoun’s, and Newton’s rui^ as well as his own, for 
discovering the existence of impossible roots, he adds these words ; 

“ At omnes hae regulae praedictae perraro invenenmt verum numenim impossibilium radicum in iequationibus 
multarum dimensionum et adhue demomtratione egent', vulgares enim demonstrationes soiummodo probant impos- 
sibiles radices in data aequatione eontineri, non vero quod saltern tot sunt quot invenit regular 

“Yera resolutio problematis est perdifficilis et valde laboriosa; cognitum est radices ex possibilitate per 
aequalitatem transire ad impossiMlitatem ; ergo in generah resolutione bujusce problematis necesse <»t invenire 
casum in quo radices datae sequationis evadunt aequales ; resolutio autean hujus casus vaiiio laboriosa est ; et 
consequenter resolutio generalis praedieti problematis magis erit laboriosa.” 

Written in Latin, and when the proper language of algebra was yet unformed, it is frequently a work of 
much labour to follow Wahing’s demonstrations and deductions, and to distinguish his assertions from his 
proofs. I find he agrees with the opinion expressed by myself, that Newton’s rule will not “ pene,” as stated 
by Newton, but only perraro,” give the true number of imaginary roots. like myself, too, in the body of the 
memoir Wabing has given theorems of p-ohatulity in connexion with rules of this kind, but without any due 
to his method of arriving at them. Their correctness may legitimately be doubted. 

[Since the above was sent to press, I have been enabled to ascertain that the great name of Eexeb is to be 
added to the long list of those who have fallen into error in their treatment of this question : see Institutiones 
Calculi Differentialis, vol, ii. cap. xiii. He says (p. 555, edition of Prony), videndum est utrum haec duo 
criteria (meaning Newton’s criteria of imaginarmess) suit contigua necne; priori casu numerus radicum 
imaginarium non augehitur; posteriori vero quia criteria Utteras prorsus diversm involvunt^ unumquodque 
binas radices imaginari^ monstrabit.” 

The force of the supposed argument is contained in the words in italics. It is suffleiently met by the qu^- 
tion, why or how the conclusion foUows from them ? Moreover the letters of two non-contiguous criteria are not 
necessarily prorsm diversm ; for two criteria with hut a single other, intervening between them will contain 
one letter in common.] 
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have mresti^ted and obtained a demonstration of its truth as far as the fifth degree 
mclusive, which, althou^ presentii^ only a small instalment of the desired result, I am 
induced to oM&r for ini^rtion in the Transactions in the hope of exciting renewed attai- 
tkm to a subject so intimately bound up with the fundamental principles of algebra. 

B^ore connnencing the inquiry I ought to state that, in addition to the rple for 
ducting the existence of a certain number of imaginary roots, Newtok has given a 
remari^ble subsidiary method for dividing this number into two parts, representing 
respectively how many of the positive and how many of the negative roots indicated by 
Descabtes’s rule are, so to say, absorbed, and thereby obtains two distinct limits to the 
number of pogdtive and the number of negative roots separately : of the grounds of this 
method, as far as I am aware, no one has even attempted an explanation, nor do I pro- 
pose here to enter upon it ; the rule, as I treat it, may be stated, not in Newton’s own 
words, but most simply as follows ; — 

If the literal parts of the coefficients of an equatim affected with the usual binomial 
coefficients he a, b, c, d, e . . . h, k, 1, and if we form the successive criteria b^— ac ; c^—bd ; 
d*— ce ; . . , ; k*— hi, or, which is the same thing differently expressed, if we write down 
the determinants {^) of all the successive quadratic derivatives of the given equation, then 
as many sequences as there are of negative signs in the arithmetical valim of these criferia, 
so numy pairs of imaginary roots at least there will he in the given equation. If we 
choose to consider and also as criteria, appearing at the beginning and end of the 
series, then we may vary the expression of the rule by saying that there will be at least 
as many imaginary roots as there are variations of sign in the complete series so formed. 

It will, however, be found more convenient for our present purpose to confine the 
designation of criteria to the determinants above alluded to. 

(S) I shall deal with the homogeneous equation y) = 0 so that the question of the 

reality of the roots is that of the reality of the ratios - or It is obvious, fi’om known 

y ^ 

principles, thaty cannot have fewer imaginary roots than exist in -^f or '^f{f)j or, more 

generally, than in which it immediately follows (‘) that if / have all its 

roots real, and the quadratic derivatives of/ be called Qt , Qa, .... Q„_i, and the coeffi- 


(*) To avoid the possibility of misapprehension, I state here once for all, that in the discriminant of a form of 
any degree I suppose the sign to be so taken as to render positive the term which is a power of the product of 
the first and last coefficients ; and it may be weU to remember that with this definition the number of real roots 
in any equation ^ 0 or 1 to modulus 4 when the discriminant is positive, and = 2 or 3 when the discriminant 
is negative ; whereas the Determinant of a Quadratic form is to be taken in the same sense as that in which 
it is used by Gauss, and is the same for such form as the Discriminant with the sign changed. 

(*•) This rule I find merges in the following more general and symmetrical one. Let /, f be any two quan- 
tics in a?, ^ ; eaU the Jacobian of/, ^ J; then the difference between the number of real roots in /and the like 
number in taken positively and augmented by unitrj cannot exceed the number of real roote in J. When f 
is made equal to y, this theorem recurs to the familiar one alluded to in the text. 


0 By operating upon / successively with any {n—2) distinct factors each of the 

4i2 
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dents of any function F of two degrees lower than^, whose roots are also all real, be 
the quadratic function ... must hare its rooi^ 

real, i. e. its discriminant must be positive : a particular consequence of this is, that by 
causing F to consist successively of the single terms af'% .... 5^“®, we see 
that the determinants of Qj , Qa , .. . Q„_, must each of them be positive; or, in other 
words, if any of the Newtonian criteria of an equation are negative, it must have some 
imaginary roots, which is all that Maclauein, Campbell, and others have succeeded in 
proving. 

(4) The labour of proof of the cases hereinafter considered will be much lightened by 
the following rule of induction, viz., ^granting Newton’s rule to be true for the degree 
%—l, it must be true for all those cases appertaining to the degree n in which the series 
of the signs of the criteria does not commence with — j- and end with -j — : to prove 
this, we have only to remember that f must have at least as many imaginary roots as 

^ or ^5 and that the criterion-series corresponding to ^ and to ~ will be foimd by 
dx ay ^ ^ ax ay 

cutting off from the series of/ one term to the right and left respectively If, now, 

the series for /begins with ++ or or H — , the number of negative sequences is 

the same as when the left-hand sign is removed ; so that it is only necessary to prove that 

the number of imaginary roots in /is not less than the number of negative sequences in 

^ ; but this, by hypothesis, is not greater than the number of pairs of imaginary roots 
in and, a fortiori,^ not greater than fhe number of such in /. In like manner, if 
the two last criteria of/ are not H — , it may be shown that the truth of the rule for 
such form of/ is implied in what is supposed to be known to be true for 

We may therefore limit our attention, as we ascend in the scale of proof, to those 
forms of/ in which the criterion-series begins with — j- and ends with H — . Accord- 
ingly, since the rule is a truism for w=2, it is at once proved, by virtue of the above 
considerations, for w=3(^). 


(*) For ...1c,T^x,yY^n{a,hj ..,1c 

and 

^ (a, 5, . , . Ic, V^x, TJx, yf-\ 

(®) The theorem for the case of cubic equations may be also proyed directly as foUo-WB : 

Writing the equation the two criteria are ac, and the 

discriminant is a®cP + 4ae^ -f — 36® (f — 6a5cd = A. 

1 . Let L and M be of opposite signs, so that one and only one of them is negative. Iten 


A = (ad-6cy — 4(6®— acXc“-6d)=(ad-6cy-4LM, 

and is therefore positive. 

2. Let L and M be both n^ative. The equation may evidently, by writing x and y for dky, be brought 
under the form 3 . o ^ . o ^ . s a 

+ ^sx^y 4- ^xf 4- y ® = 0, 


Vv'lth the conditions ; from which we may deduce that s and are both positive, and «^<1 and i> 0 . 



Am) IMAaiKAilT BOOTS OF EQTJATIOIS^S. 


583 


If all the criteria are zero, it is evident that, whatever n may be, all the roote are real. 
Ih every other case we shall find that zero may be made positive or negative at wiU. 
Thus in the case before us, if the two criteria are 0+ or 0—, there will be a pair of 
imaginary roots, as the first may be read as — j- and the second as -j — , 

To prove this, we have only to observe that in either case ^ will have two equaj roots; 

so that /will be of the form which obviously, for any real values of 

<7, has only one real root. 

(5) We may now pass to the case of %=4, and excluding for the moment the con- 
sideration of zeros^ limit our attention to the criterion series — | — . 

Let 5e the equation for which the signs of the 

criteria d^—ceoxe — | — . Call these criteria L; M, N respectively. It 

has to be proved that aU four roots are imaginary, since there are two distinct negative 
sequences, each sequence consisting of a single — Let x become where g is 

an infinitesimal quantity, and transformed into one between u and y ; then we have 
obviously, 

Sa=0, 5^=«g, ^=2Jg, y=3cg, ^=4dg, 
lL-2bbb^(^c=0, m=:2€l€^bld-^M={bc-ad)s, 
ni=z{Bc+cbb---aM)B^2(b^^acy==2U^; 

so that is essentially negative, since L is so. 

Hence, by continually augmenting x by an infinitesimal variation, we may, leaving L 
unaltered, so choose the sign of g as to decrease M : nor can this process stop when be— ad 
becomes zero, by reason that is negative. Hence we may reduce M to zero. Now, 


Also "we have 

>1 +4(e-|-ij)etj— O sTj— 

> 1 — 6eij -j- 8(eij)l ; 

or, writing A>1— 6gr*+8^— 

>(l-3y(l + 3?); 

but l>g'>0. Hence A is positive. 

Hence in either case two of the roots of the cubic are imporaible. Or the same thing may be shown more 
immediately from the identities 

a^A={a"d+2b^~3ahcf-{-M(ic--by, 

so that A must be positive, and therefore two roots imaginary, if either bd:><^ or It may be noticed 

that the S(][Uare and cube in the^e identities are semi-invariants, being in the first of them unaffected by the 
change of x into a’4-%, and in the second by the change of y into y+hx. 

This method of infinitesimal substitution is that which I applied in my memoir “ On the Theory of Forms,” 
in the Cambridge and Dublin Mathematical Journal, to obtain the partial differential equations to every passible 
specie of invariants (including eovaiiants and contra’cariants) of forms, or systems of forms, with a single set or 
various sets of variables, proceeding upon the pregnant principle that every finite linear substitution may be 
regarded as the result of an indefinite number of simple and separate infinitesimal variations impressed upon 
the variables. M. AEOiraoLD has erroneously ascribed to others the priority of the publication of these equations. 
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in the conrae of f ednction, either N retains its mgn or changes it ; and if the k-tfer 
is the case, N must have passed thrcmgh zero. If when M becomes zero N is stiE nega* 
tire, the criteria of riie linearly transformed equation become —0— ; and it may be 
noticed that its first, middle, and last coefficients must have the same sign, by virtue 
of the negativity of the two last criteria, and the second and fourth the same signs, by 
virtue of the zero middle criterion ; consequently the equation will take the form 

(X® -f- heH^3^f±_ 

or 

which obviously has aH its roots impossible. This being true of the transformed equa- 
tion, will also, on the suppositions made, be equally so of the original equation. 

Let us next suppose that N changes its sign either at the instant when, or before M 
becomes zero. If M and N both become zero together, so that the criteria of the 

dw 

transformed equation bear the signs — 0 0, calling the transformed equation F=:0, 

will have all its roots equal, and F will therefore be of the form (aX’\-hjy-^kic^, vrith 
the condition 

Hence ^ is positive, and consequently F=0 has all its roots imaginary’; and the same, 
as before, must hold good of the original equation /=0. 

It remains then only to consider the case when N becomes zero before M vanishes. 
When this is the case, as soon as N is reduced to zero, in lieu of the substitution of 
for a:, we must leave w unaltered, and continue substituting for y. We 

thus start from the sequence — 1-0; N will then always remain zero, and we must 
either come to the series — 0 0, which we know, from what has been shown above, cor- 
responds to four imaginary roots, or to the sequence O-fO, which I shall proceed to 
consider. 

Since the first and last coefficients must have the same sign, we may, by giring 
either variable a proper multiple (“), make these two coefficients alike, and with the first, 


( 11 ) (a) yy regarded as a ne^r and, for many purposes, useful canonical 

form of a lainary qnartic. It may I)e made to comprise -vrithin its sphere of representation all forms correspond- 
ing to two or four imaginary factors, hut excludes the case of four real factors. The ordinary canonical form 
(^1, 0, 0, yY comprises -vrithin its spheres of representation those forms for which the factom are all 

real or aU imaginaiy, hut, so far as real transformations are concerned, excludes the case of two real and two 
imaginary factors [that case is met hy the form 1, 0, Qm, 0, —iX^’j ’-//], as may easily he established either 
by decomposing the form first named into its factors, or hy the consideration that its discriminant A m 
(1— 9m-)®, and is therefore always positive; whereas if a form which it is used to represent have two real 
and two unreal factors, its discriminant is negative. If now the determinant of transformation he D, and the 
discriminant corresponding thereto be called A', we have A'=1)*A, showing that D® is negative, and the trans- 
formation therefore unreal. 

(**) The reality of m for each of these cases (nsnally assumed without prwf) may he demonsteated as follows : 
Calling the cubic invariant and the discrimmant of any cubic form T, D, we shall have, using the ordhmry canonical 


form, showing that when D is positive, which is the case of four real or unreal factore, there will 
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» 3 ec®d, md liiird, as well as the third, fourth, and fifth coefficients form geometrical 
KSfies; hence it k ohrious that the transformed ^uation may be reduced to one or the 


othm* of the two following forms, riz. 

(a) 

3s^+4-ejf^-j-6^3^f+iea:f-\~y*=0f ' • (^) 


with the condition in the latter case that is positive, i. e. ^>1. 


be one real value of m, and when D is negative, a real value of im. The former case possesses over the latter a 
striking distinction, which is that aU the roots of m wiH he real ; for, as I have shown elsewhere, if m is one root 

1 — 2m ld-2m 

the complete sptem of roods will be +m, + » i : hi the latter case the reality of the two values 

+ im does not seem necessarily to imply the reality of the other 4 values of the system. 

('^) Analogj’ suggests the establishment of an analogous canonical form or forms for ternary cubics, of which, 
as is well known and is even dimly foreshadowed in Nnwroif's Enumeration of Lines of the Third Order, the 
theory runs closely parallel to that of binary quarries. This will be effected by assuming the form 
FCr*, y, 

and assuming ^ so as to make the discriminants of 

dx dy dz 


all zero. This gives rise to a quadratic equation in gf, of which the roots are g=^€, g=:2e^—e. When g=€, I find 
S=«(l-€)®, T=(l-^y(H-4e-8e2), A=P+64S*=(H-8«)(l-e)». 

When f7=2e-—e, I find A=(l-‘eXl— 4ep(l+2«/, where i,j, h are integers to be determined. These forms 
will, I think, be found important in the future perspective discussion of curves of the third degree. Whilst I 
yield to no one in admiration of the surpassing genius with which Kewtott has handled these curves, I cannot 
withhold the expression of my opinion that every theory of forms in which invariants are ignored must labour 
under an inherent imperfection, and that Newton, from want of acquaintance with the indelible characters which 
their invariants stamp upon curves, has in the parallel which he has drawn between the generation by shadows 
of all conics from a common tj’pe, and of all cubic curves from a limited number of forms, either himself fallen 
into error of conception, or at least used language which could scarcely fail to lead others into such error. For 
no species whatever of cubic curve can be formed for which an infinite number of individuals cannot be found 
which defy linear or perspective transformation into each other j whereas all conics proper may be propagated 
as shadows from a single individual. It should bo noticed in connexion with this subject, that the inddihU 


characters of quartic binary, and cubic ternary forms are two in number, viz. the value of - (where a, t are the 


two fundamental invariants in either case) and the sign of t. The indelibility of the sign of s being implied in 
the invariability of the value of , does not constitute a distinct character. Of course all symmetrical mvariants 


have an invariable sign ; but this is not the case with skew mvariants, as ex. gr. M. Heemite’s octodecimal inva- 
riant of a binary quintic, which will change its sign with that of the determinant of transformation. 

(^) Whilst npon this subject of mvariants, I may allow myself to make a remark bearing upon what will be 
noticed further <m in the text about a ease of equality between roots not necessarily being a mark of transition 
from real to imaginary roots. If at, b, c, d b eing tie roots of a binary quartic we form a secondary cubic, of 
which the roots are (a— 6)(c“-t?), (a— — &), {a,~^d)(h—e), it may be easily shown that two of these quan- 
tities become equal, or, in other words, the mots of the original equation mark out a harmonic group of points 
when t (the cuhinvariant) is zero. Notwitiistoiding which a change of sign in t will not command a ehan^ of 
character in the above three roots of tiie secondary (nor consequently of the original equation), became it is not 
an odd but an even power of t, viz. whi<di enters into the discriminant eff the seeon^ry. 
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It must be remembered that we know, from the form of the criteria-s^ries to the 
derivatiYes in re^ct to either x ot y (indifferently), that the equation must have smm 
imaginary roots ; and the question therefore lies between its having two or four. If the 
discriminant is negative, the former will be the case, if positive, the latter. 1 shall show 
that in each equation the discriminant is positive. 

Let s\ t represent in general the quartic invariants, then we have to show that s®— 2T^ 
is podtive. 

In case (a), 5=1 +4 ^®+ 1 e ^ =:^— ^ 

=(l+^)(l-f3^) e 

^-e 1 = -^( 1 + 6 ^)% 

so that 

5=*-27jJ®=(l~^}n(l+3^7-27^Xl+^)}=(l+^)^(l+9^^), 

and is positive. 

In case (J), 

s=(l - 4^-i- 3^^)=(1-.^X1 -2^') 


and 


t— e e 
^ e 1 


= - ^ 4 - 2 ^^- ^«= - ^(1 - 






The above can only be negative when lies between 1 and J ; but in the case supposed 
^>1. Hence the discriminant is positive, and the roots are aU imaginai 7 (^^). Thus, 
then, the theorem is established for ?i=4, as well as for the cases where the criteria 
are zero (as will have been observed in the course of the demonstration), as for those 
where they are j)lus or minus ; and it should be observed that the demonstration proceeds 
upon our being able to show that the quartic, in the case where it resists reduction to 
the case of the cubic, viz. where the criteria are negative at the two extremes and positive 
in the middle, may by real linear transformations be changed into a form where either 
the middle criterion is zero and the two extremes negative, or the two extremes zero, 
^d the middle one positive. 


(“) The reader conrereant only with ordinary a^ehra may easily Tcrify this result. For wiiting f -f 

the equation becomes 2^4-4«z-|-6e®— 2=0, and this will have ite roots impossible unless 2, or 2e®— 2 

negative, which it t^nnot be, since ^>1, and consequently w ; y has aU ite roots impossible. Moreover 
the same conclusion would (as before shown) hold good unless ^ lay between 1 and for on making z=2, 
the function above written in z becomes 2-f8€-f 6r, or 2(lH-«)(l + 3e) ; and making z=--2, it becomes 
2—8e+6^, or 2(1— •€)(1— 3^), which two quantities evidently have both positive signs unless e lies between 

1 and or between — 1 and — !•; so that the first and third Sturmian functions are (except on that suppc^ition) 
respectively positive and n^ative for z=2, and also for z— — 2, showing that no root of z can lie betwwn 

2 and — 2, and cx>nsequently that all the roots oi xiy j^main impossible. 
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— To make the foregoing demonstration qnite exact, it should be noticed 
that when the criteria L, M, N have been brought to the form — and the lories 
of substitutions of ^4*^ ^ for y has set in, we have 

K=:0, §N=0, m=:N6=0, ^^=0. 

Consequently if cd-^he should become zero, we can no longer go on decreasing M! But 
as soon as cd'-~be=0, since we have also d^=ce, h, c, d, e come to be in geometrical pro- 
gression, and the transformed equation takes the form 

4- 4- V= 0, 

with the condition negative, or a>l. Hence we have which 

obviously has all its roots impossible (^®). 

(6) We may now pass on to equations of the fifth degree, in which the case resisting 
induction will be that where the criterion-series bears the signs 

1 — I • 

Let the criteria be called L, M, N, P, so that writing the equation 
hh3^y+ lOczry-f lOdary 4- 5e^^4jy =0, 

M=c»-5d, N=<P-c^, 
and writing for x, we have, as before, 

5L=0, M=(5c-ud>, m=Lg^ 
so that M may be continually diminished. 

If M becomes zero before either N or P changes its sign, the criterion-series for the 

transformed equation becomes — • 0 -j , and for its derivative in respect to x, the series 

is 0 4 ~j which proves the existence of four imaginary roots in the transformed, and 
consequently also in the given equation. In like manner, if N becomes zero before M 

or P have changed their signs, the criterion-series becomes j- 0 > which obviously 

leads to the same result. So likewise the same inference may be drawn if L and M, or 
M and N, or L, M, N become zeros all at the same time, and we have only to consider 
the case when, L and M retaining their signs, N becomes zero. At this moment the order 
of the substitutions must be reversed, and for y must be written y-\~iX] we shall then have 
P=:0, ^P=0, m=(de-rf)i ; 

From the jBrst and third criteria it follows that in the form ^a, h, c, d, e^x, yy, a, c, e have the same sign ' 

59 ^2 

and may he r^jarded as all p(Kiitive; so that writing a— — e — ^he form becomes Py®, 

where 

Fs5s~ a^-j-4i>a^y+hca^y^-j-4dx^+~y*, 

and consequently the given form will have all its roots imaginary when this is true for F, so that we might 
have proceeded at once to deal with the forms marked (a), (6) at p. 585 ; but as the method of homographic 
txansformation by infinitesimal substitutions appears to be necessary in passing to the eorr^ponding forms 
in. teie case of the fifth degree, and as in tr^ting that case reference is made to what appears above, I have 
thought that no object would be gained by altering the text. 

MDOCChXIV. 4 K 
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airf reasoning as in the preceding case for »=4 (with the sole difference, that if 
Tanishes by virtue of de—cf vanishing, we should have P=0, N=0, and ^ crherion- 

series j- ^ 0? which at once indicates the existence of four imaginary roots), we see 

that there remsdns only to consider the case where the criterion-series takes the form 
0 + + ^- It is scarcely necessary to observe that all the criteria can never vanish 
simultaneously; for that would indicate the equality of all the roots in the transformed, 
and therefore in the given equation, whose own criteria, contrary to hypothesis, would 
also be all zero. The zero values of the two extreme criteria indicates that the three first 
and the three last Hteral parts of the coefficients are in geometrical progression, from 
which it will immediately he seen that the equation to be considered may be thrown (by 
substituting in lieu of a; and y suitable multiples of x and y, which will not affect the 
characters of the criteria) into the convenient form 

+ 5ix^y -f 1 + 1 0?? V/ + 5??^ = 0, 

with the two conditions positive^ positive . 

The form of the criterion-series, apocopated from either end, shows that two of the 
roots must be imaginary ; and consequently, in order to establish the existence of two 
imaginary pairs of roots, it is only necessary to show that the discriminant of the above 
equation, subject to the above conditions, must remain always positive. That discruni- 
nant I proceed to determine; but as a guide to the form under which it is to be 
expressed, the following observation is important. Let us take the more general form 

oaf -f bs^y + caff + daff -f- exy* -\-ff = 0 , 

where 

a=l, /==!, 


X, ^ being any numerical quantities. 

The discriminant will evidently be a symmetrical function of e and g. 

Let be the literal part of any term in the discriminant. By the law of weight 

we must have 

g- -j- 2r 4- Ss-f 5 X 4 = 20. 

But in the equation before us, a^y^tfd'^d (to a numerical factor is and 

(2^ 4“ 2r) (2s -j- ~ (s^ “j“ 2/* "f" ^ “I” ^0 ”1” 0 

=5(4— s4-f). 


Hence the difference between the indices of g and in each term is a multiple of 5, 
and consequently, since the discriminant is a symmetrical function in g and n, it will be 
a rational integral function of and g^. Moreover, as no such term as can figure 
in the discriminant, which, as we know, must in all cases contain one or the other of the 
two final and of the two initial coefficients, we see that no term can be of highOT than 
the 14th degree in g, nor yet so high, for the only terms that could be of that degree 
would be h(fdfe ; but making a and^ each zero in the original form, it become obvinus 
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all the teims free from a and f contaiii as a factor (^^), Hence, in fact, the 
discriminant will be only of the twelfth d^ee in g, 37 , and being therefore of only the 
^cond d^ee in will admit of comparatively easy treatment 

(7) Before proceeding to the calculation of this discriminant, it will be useful to 
investigate, as a Lemma ancillary to the subsequent discussion, under what conditions 
four of the roots of the supposed equation wiU become imaginary when i=rj. 

In this case writing the equation 

^-^( 1 , lX^:,y )‘=0 

becomes * 

2®-.2-s-l-l + 5g(55-l)-fl0g»=:z^-f(5g-l>^10g^-5g-l=0, 
or say/ 2 = 0 . 

The determinant o{ J[z) is thus (Sg— 1)®— 40£®4-20g-{-^, i. e. 5(1— g)(l“f-3g),' and aU 
the roots of 2 , and consequently of ^), will be impossible, unless z lies between 
1 and — 

Now /(2)=l+5e+10£*, 

/(2)=3+5£; 

so that when z has any real roots, i, e. when g lies between 1 and — /(2), f{2) are 

both positive, and the Sturmian functions are of the signs -J — j-+. 

Again, 

/(-.2)=5-156+10g®=5(l-g)(l-2g), 

/(-2)=-5+5g; 

so that, on the same supposition as before, the Sturmian functions are i — f- 5 viz. 

+ — -f when i>g>— i, 

f- when l>g>|. 

In the former case two real roots, in the latter one real root of 2 lies between 2, —2. 
Hence in the former case no real roots of 2 lie between the limits 00 , 2, and the limits 
—2, — cx), and in the latter case one real root lies between those limits. Hence Xy y 
will have four imaginary roots, unless g lies between 1 and and two such roots in 
every other case. 

Thus the discriminant of (1, g, s®, >7*, »?, when g=3j, is. negative when g lies be- 

tween 1 and f , but for every other value of g is positive, save that it vanishes when 
«=1, or or 

(8) I now proceed to calculate the discriminant of the form 

d7*-4-5g.r*|r+ lOg^ary -f 10j7*:ry + hfixy^-^f 

(14) For the discriiniiiant of disciiminant of y) multiplied by the square of the product of 

tile resultaut of (a?, f) and of (y, ^). 

(**) When g=| tile discrimmaut oi does not TMiish, but z=— 2 satisfies the equation in z, and con- 
Mquently ~ has two equal roots so tiiat the discriminant of the original equation vanishes. 

4k2 
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for general values of i, u. TMs will be accomplished most expeditiously by iakmg tile 
resultant of the two derivatives of the above form, say U and V, where 

U 4sar|y + 6gV/4- -f >3^, 

V=g^^+ 4gVy + -j- 43?^ ; 

so that 

-UH-«V==:(«?-lK+4(^?g»~gKy+6{^^-gW=^^ 

Hence . 

Bemltmt of (U, V)= X Bemltant of (/P, a^Q)=:BemUant of (P, Q); 
where 

P==6(g"~J!’)^-f-4(£>3*--}3)a:2^+(gjj— l)y*, 

Hence, calling A the discriminant of the original form, we obtain by the well-known 
formula for the resultant of two binary quadratics, writing for the moment 

P=:(B,4,A,AX^,3^n Q=(A,4gA,BX^,3/)% 
A=(4£A^-4;jAB')(4nA^-4gAB)4-(A*~BB')^ 

=(1 - 16g^)A^+ 16(g*B + n^B')A»- IdgjjBB'A^- 2BB'A=-f B“B'*. 

Hence writing ifi=q, g®+»j®=S, 

A=(1-16^)(^-1)^+96(S-2^%~1)*-72(8^+1X^+^-S)(^-1)* 

+36X^^+f~SX. 

Let S— 2 ^— 2 ^= 0 ', l=p, so that 

S^2q-:=:c^f+f=za-\^{p + iyjp. 

Then 

A= 36 V -{- 72 ( 8^ + 9)i? V-f 96j?V4- 96(^ -f 1 Tp* —(16^+15)^ 

=1296<r^+(648/-f672/>r-|-96/-fl76y+81/, 

=i{108<7+27/+28/X4-729/+158%^+36%®-{27/+28/}*}, ^ 

or 

9A=:(108(r4-27j?=^+2%?7+72/+80p«. 

(9) Hence we see at once that A can be negative only when p lies between 0 and 
— A> when Brj (which is y?+l) lies between 1 and Accordingly when A is 
negative, g and tj must be both positive or both negative. The latter supposition may 
easily be disproved as follows: treating the equation A=0 as a quadratic equation in^, 
in order that A may be capable of becoming negative, its discriminant in respect to 9 
must be negative, and its value when ff = — co is positive. Now 

S=g*+«7®j i>+l=s*75 
so that when e and n are real we have 

8>2ip^iyn\. e. o~(i>+lX+2(i>+l)Mp+l)* 

(^®) It k of course nnderetood that (i>+l)^ is to be taken p&riUve. 
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when «, ?? are both positive, and 

S<^ 2 (jp+l)ir^“), i e. (r<(p4-l)*-(p+ir-2(p+l)f 
when g, n are both negative. 

If now we substitute 2(^+1)^ for er in A, I say that the resulting 

value will be positive whatever positive value be given to ia fact, if we write 

pz=i^ — 1 , and make ff=— j»®, so that A becomes a function of the twelfth degree 
in this function is what the discriminant of the equation in r, y becomes when we 
have s~7}~}f; but in the antecedent Lemma it has been shown that this discriminant is 
only negative when the two equal quantities e or jy, or, which is the same thing, when v 
lies between 1 nnd | ; hence A is positive when y is negative, and consequently when 

Thus A, a quadratic function in <r, and its discriminant are respectively + and — for 
this value of <r, as well as for ff= —oo . Hence no real root of <r lies between such value 
of and — QQ , and consequently A must be always positive when s and ij are both negative. 
Hence, if A is negative, we must have 2 > 0 ; t!>0. But our criteria give 

g*— 

which, when g> 0 , f}>0, imply e^>n‘t if>^^ and consequently g»j>l, which is in con- 
tradiction to the inequality 1 > stj. Hence when these criteria are satisfied the determi- 
nant is necessarily positive, and aU the roots are imaginary, which completes the proof 
of Newton’s rule for equations of the fifth degree. 

(10) It follows as a corollary to the Lemma employed in the preceding investigation, 
that if in A we write 17 = — and 1, and distinguish this particular value by 

the symbol (A), then (A) ought to break up into the product of odd powers of 1, 
of some even power of (v-j-^), and of a factor incapable of changing its sign, and remain- 
ing always positive. This may be easily verified; for dividing (A) by (*'■— 1 )*, we obtain 

1296i^( 648(»+1)“+24(»''-1){.+1)“)/+96(»’-1/(»+1)‘+176(.>-1X>'+1)‘+81(.+1)‘; 
and collecting the terms 1296t'®—648v®(v-l-l)“d-81(v-|-l)* whose sum contains the factor 
(i^— 1 ), we have 

('; - rx= 648(i’^+i’®+»*+.‘+»’+i'*+'’+l) 

-1296( / + 

- 648( 

+ 81( .’+5v“+ll>’+15) 

- 24(i^'+3v‘+3»‘+''‘) 

+ 96(»^+5»®+9i'‘+5»‘— 611 ®— 9i'’— 6 j>— 1} 

+ 176( .»+5»’‘+10»*+10.’+5i-+1) 

=720.^— 240.“— 328i'‘+40.‘+66>’’+5i->-6f-l. 

Hence 

(A)=(v-1)»(2»- 1)»{90»‘+ 105»"+49»*+ 111- + 1 } 
=(»-l)‘(2»-l)>(3.+l)*{10/'+6»+l} ; 

(«w») It is of course uuderstood that is to be taken jusitiee. 
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showing, agreeably with what was seen in the Lemma, that the ddscrinnnant of 

(1, g, g®, g“, g, IJa?, yf 

vanishes then, and then only, when 

g=l, org=^, or g=— J, 

but does not change its sign^ except as g passes through the limits 1 and and only 
within those limits can become negative 

(11) Although the theory of the possibility of the roots of (l,g, g®,jf, % lX^,y)®=0 
has now been completely investigated, so far as is necessary for the proof of Newton’s 
theorem applied to equations of the fifth degree, it will be found that the labour wiU not 
be ill spent of considering more closely the real nature of the criteria which separate 
the case of one pair firom that of two pairs of impossible roots in the above equation 
Newton’s criteria being constructed so as to cover every possible case for equations of 
every degree, will always be found to fit loosely, so to speak, upon each case treated 
per se ; so that more precise conditions can be assigned in each particular case than those 
which are furnished by his rule. So, ea:. gr., it may be remembered that in the equation 
(1, c, 6, Newton’s rule implies only that w^hen €>1, the roots are aU 

impossible; but we have found further that unless (a much closer condition), 

the same thing takes place. 

It is obvious from what has been demonstrated above, that if we treaty? and o-, which 
are respectively 07— 1 and g®+»7®— eV— eV? as the abscissa and ordinate of a variable 
point in a plane, the curve A=0, i. e. (108«r-i-27p^-j“28p*)®-f 72p*-f 80p®=0 will be 
the line of demarcation between those values of 1 , n which correspond to one pair, and 
those which correspond to two pairs of imaginary roots. 

For all values of g, fj corresponding to internal points of the curv e A there will be two 
imaginary and three distinct real roots; for all such as correspond to external points 
there will be four imaginary roots, and for points on the curve two imaginary and two 
equal roots. 

The curve A is a curve of the 6th degree whose form will presently be discussed. 
But there is an important remark to be made in the first instance. Not aU the points 

In general the case of equal roots of an equation ia the state of transition of two real roots into imagmary, 
or vice But we see by the above instance that this is not necessarily the case always, for A vanishes on 

making s= and two roots become equal without any chan^ in the nature of the roots when £ pasa^ 
from being greater to being less than —I-. In such case, however, there is a sort of unstable equilibrium in 
the form of the equation, by which I mean that the effect of any general infinitesimal change performed upon 
the coefficients of the equation would be either to cause the real roots in the nei^bourhood of «= — ^ to dis- 
appear by the factor (g-bi)® becoming superseded by a quadratic function of e with imjKwssiUe roots, or else a 
region in the neighbourhood of g=— would reappear, for wliidi the equation would acquire two real roots 
owing to becoming superseded by a quadratic function of e with real roots, in which ease thm% would 

be two values in the neighbourhood of g= — for each of which there would be a pair of equal roots in the equa- 
tion. The above is probably the first instance distinctly noticed of this singular obliteration of the usual eff^ 
upon real and hnaginaiy roots d a passi^ throi^h equality, owrog the ^pewance of a squiure factor in the 
disodnunant. 
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mthitt the curve A will correspond to real values of g, n> In order that these qumtities 
may be real, we must have 


or 


i. e. where ^=p + l, 

4- 2(§®+^> > 0. 


Writing this inequality under the form ll>0, we see that the curve R=0 will repre- 
sent a second sextic curve intersecting the former. A may be called the curve of 
the discriminant or discriminatria;, and will be a close curve, and II the curve of equal 
parameters or equatrix^ and will consist of a single infinite branch. All points on the 
latter correspond to equal values of g, n, those on one side of it to real values of g, ;j, 
and those on the other side of it to conjugate values of the form "k—i^ respectively. 
Thus the area confine4 within the curve A will be divided into two portions by the 
equatrix, and it is impossible to shut one’s eyes to the inquiry as to the meaning of the 
variable point lying in that portion which gives conjugate values to g, n. It becomes 
clear by analogy that some kind of distinction must be capable of being drawn between 
the nature of the roots of the equation (1, g, g®, ri^ when g, rj are conjugate, 

in some sense similar or parallel to that which we know to exist between them when g, n 
are real ; and obnously this inference cannot be confined to equations of the particular 
form and degree of that above written ; in a word, equations whose coefficients are not real 
but conjugate, must have roots of two kinds, one analogous to the real, the other to the 
imaginary roots of equations with real coefficients. This inference will be justified 
in the sequel ; but in the meanwhile it will be desirable to complete the investigation 
of the special equation under consideration, by a discussion of the forms and relations 
of the two curves A and R, These curves we know a priori^ from what has been already 
demonstrated, can only meet in the three points corresponding to 
8=,=1, e=(i=J, 


and since j?=g;j—l, the abscissae of these three points will be 0, — J, — f. 

Moreover the 3rd point will be distinguished from the other two by the circumstance 
that A does not change its sign as p passes through the value — -f . Consequently 
the two curves must touch each other at this point. 

Since when A=0 Kes between 0 and — i^, the curv'e A is confined to the negative 
side of the axis of o-. It is also confined to the negative side of the axis of^. 

For between the limits 

648j?®-{-672j?*, i. e. 24(27^’*4-28j}®) is obviously positive, 
and 

96j>®-4-176j?®-{-81j)*= ^{(24^-f 22)^-f2} is always positive. 


Hence ihe two values of o- are both negative throughout the extent of the curve A. 
Thus being negative, and have the same ®gns when g, n 
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are rml^ as should be the case ; for in order that A may be capable of Tanishing, i{s®— i?*) 
and must, by Newton’s rule, be hath negative, which could not be the case if 

either g or ^ were negative; so that and 3?®— g® must have the same signs, in feet 
each must be negative. 

The curve A under consideration has a multiple point of the 4 th order of multiplicity 
at the origin, where it is touched by the axis of jp. Its distance firom the axis for the 
extreme value of j?, viz. is 2^^. 

It has three real maxima and minima, two belonging to its upper portion and one to 
the lower portion at the points, for which p has the af^romMde values — |f, 
and -in. 

The curve R, L e. has the values 0 and —4 at the origin, a 

cusp at its extremity corresponding toj?=:— 1, where both of its branches meet and 
touch the axis of^, and a negative maximum in its upper branch at the point where 

V— 9 - 

At all points within the curve R, s and ^ are conjugate, and for the points outside real. 
Its lower branch will meet and touch the lower portion of A at the point wherej?= — f, 
and its upper branch will intersect and pass out of the upper branch of A at the point 
where The only part of the area A therefore which corresponds to real values 

of g, 37, is that which is included between the upper segment of A and the upper branch 
of R, and extends only fi:om ^=0 to i. e. from g^=l to gJ7=f. Hence we may 
easily find an inferior limit to the values of g and 17 when the equation (g, 33) has two real 
roots; for we have in that case g, 37, 37®— g*— 37® all positive. Hence 

37 ®<gV<^®. 

Consequently g, n must each of them always lie between gf , ; and since the least value 

of g is I, g, 37 must each be always greater than i. e. than *33499 (^®). 

(^*) The lai^ numbers which enter into A may be usefully reduced, and the equation A=0 made more 

27i’ 9w 

manageable, by aid of the simple substitutions (r=— -gj-, The equation A=0 then becomes 

(t^— 3 m® + 5m*, 

wh^se maxima and minima will be given by the equation 

{y —3m* 4- 7 M*)( — 6m + 21m*) = 5m^ — 15m® ; 

which, making 1 — 3w=w, becomes 

270w®-46w*- 9ft> + 1 =0, 

whose roots are all real, and are one just a little greater than — another a little leas than mad die ihiid 
a very little less dian ^ r^pectively ; whence y)=f(»—l) will have the approximate values given in the text. 

(^*) s ; 17 will have a maximum value, which can he found by writing Ss: e and consequently, remem- 

bering diat q=p+l, S=e*+i|®, er=S— 2 ®— 2 ®, 

58 : ^2 : : 58 : 22, 

and therefore 

5<r : ^ 2q:: 5(r+p(p-f 1)®; 2(p-f 1). 

Snl^tuting die values of ; ip in 5 a= 0, and combining the result with die equation A=:0, p and «• may be 
found by the solution of a numeric^ equation of the 5th d^:ree, and then e and ^ may be found by the solution 
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There is a third curve not undeserving of notice, of only the 3rd degree, which 
embodies the joint effect of the two middle criteria (the two extremes being supposed 
to be each zero) in the two cases where Newton’s rule will prove all the roots of the 
equation under consideration to be impossible. These criteria are Ci=g*— g??®, 

c,)i‘+c/=j(22"— S)=j( 22’— j*— 

which for all values of q on the positive side of the line —1 (i. e. §'=0) will have the 
SBimB sign as 5^— g®— ff, which we may call K{*); and K positive will evidently imply 
that €i, are one or both of them positive. The whole plane will be divided by the 
curve K into an upper region (commencing at ff = oo), for which K is negative, and a 
lower region, in which K is positive. For any point of the curve K, 2 ^, which 

within the limits of q with which we are concerned, viz. those within which A lies, 
is negative ; for any point of the curve K, the smaller absolute value of a is 

which within the limits in question. So that, remembering that each of these 

values of ^ is negative, we see that the portion of the area A corresponding to real values 
of g, 71 will be completely above the cur^^e K, i. e, in the negative region of K, and that 
accordingly A for real values of g, r) can never vanish when K is positive, as should be 
the case. This remark does not, however, apply to the conjugate region of A ; for the 
curve K wiU^uss through the lower or conjugate portion of the area A. 

(12) I may now say a few words on the signification of that portion of A in which g 
and }j are conjugate imaginary quantities. 


of a quadratic and the extraction of 5tli roots. To find the maxima and minima values of # and ij themselves 
exactly would lead to the solution of an equation of a degree quite unmanageable. 

But we may first find the greatest maximum and least minimum values of S, i, e. by making 

in 5 a= 0, which leads to an equation (I forget whether) of the 3rd or 5th degree (it k one of 
the two) : calling this maximum and minimum m, fi respectively, and naming § (which of (K)urBe must exceed 


unity) the greatest quotient of - or we shall have 




These lunits will be tolerably near to the absolute maximum and minimum values of e or ij. It may be noticed 

that we know, from what has gone before, that ^ can never exceed ^ ; and consequently cannot exceed 4, 
since q is always 

(®) I can K the Indicatrix, as exhibiting the joint effect of the indicia or criteria of the Kule. 

(31) jjjay easily be verified ; for at the point p= — f it will be found that the ordinate in K and the lower 
ordinate in A are equal, and at the point the lower ordinate in A is — and in K is 

which shows that the curve K entering the area A when at the lower half of the curve, at a point where j3= —f, 
must paM through its upper contour in order to cut the line p=--^ as it does above the point where A 
is touched by that line. 

The curve K has its negative maximum at the point yssf, i. e. p= It passes through the origin, and 
begins with sweeping under the curve A, which it entera exactly under the point where E quits A, and passes 
MECCCLXIV. 4 L 
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In general, let 

(a^-f lee, , e— *j3, y)’*=0 

be an equation in which all the coefficients, reckoning simultaneously from the two ends, 
are conjugate to one another, and the central coefficient, if there is one, which can only 
be when n is even, real. 

Let satisfy this equation. Then evidently will also satisfy it; or, 

which is the same thing, will satisfy it. 

Now either this root will be identical with the former one, *br a distinct root; in the 
former case we must have^'*-fS^=l> and the root will be of the form cos a-\-i sin a; in 
the second casey)®-|-^^ differ from unity, and there will be a pair of imaginary roots 


of the form ^cosa“|-^sina), i{co8 a-f* sin a), in which the real parts ^ are reciprocal 


to one another, and the directive parts <9~’* identical. Moreover, if we write the given 
equation under the form Uff-iT :=0, and suppose, as can always be done, that U and V 
have been divested of any algebraical common factor, it may easily be shown that the 
equation so prepared, and which may be called a Conjugate Equation proper^ can have 
no real roots and no pairs of imaginary roots in the sense in which that term is employed 
in the theory of equations mth real coefficients ; but the distinction between simple or 
solitary’ and twin or associated roots reappears in the theory of conjugate equations, 
under a different form. It will of course be understood that the class of simple roots 
for which the modulus is unity is quite as general as that of twin roots, for each of 
which the modulus may be anything different from unity, just as in the ordinary theory 
the case of real is quite as general as that of im^inary roots, although the former may 
be represented by points on a fixed straight line, whilst the points representing the 
latter may be anywhere in the plane, this liberty of displacement being balanced, so to 
say, by the constraint of coupling. The general geometrical representation of the roote 
of a real equation is a system of points in a line, and a system of pairs of points at equal 
distances on opposite sides of the line. So the general geometrical representation of the 
roots of a conjugate equation will be system of points in the circumference of a circle to 


tkroagli A at a point very close indeed to the horizontal extremity of A- It may be noticed that when 
tho smaller ordinates of E and A are each — the ordinate of K and the larger ordinate of A being^ 

each — 

I have foond the points of contact of K with A by actually substituting i. e. for <r in A=0. 

This gives the equation 

2mp^ + 7352/ + 9823^H 5832^ + 1296=0, 
one factor of which is -^-1-3, dividing out which we have 

516/ + 1451p2 ^ 1368j>4-432=0. 

The Newtonian criterion applied to the three first coefficients of the above gives — 1362|^, showing that two of 
the roots are impossible ; the remaining real root 1 find to be *8946, &e. It does not appear to ^ a i^tiomd 
number. 
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raditts unity, and of points situated in pairs in the same radii at reciprocal distances from 
the centre. In a word, in each case we may say that the roots can be geometrically 
represented by points on a circle, and pairs of points electrical images of each other in 
resect to the circle, but the radius of the circle in the one case will be infinity, in the 
other unity. Conjugate like real equations will have aU their invariants of kn even 
degree real, and those of an odd degree will be pure imaginaries, or real quantities 
affected with the multiplier Their morphological derivatives (covariants, contra- 
variants, &c.) will be also conjugate forms. The whole doctrine of equations, as regards 
the separation of real from imaginary roots, and the determination of the limits within 
which the former lie, will reproduce itself with suitable modifications in the theory of 
conjugate equations, in which simple, on the one hand, and coupled or twin roots, on 
the other, will correspond respectively as analogues to the real and imaginary roots of 
the ordinary theory. Thus the following theorem may be demonstrated without diffi- 
culty, viz., in any conjugate equation the number of coupled roots is congruent to 0 in 
respect to the modulus 4 when the discriminant is positive, and to 2 in respect to the 
same modulus when the discriminant is negative (^). We see now how to interpret the 

(“*) (*) A very simple linear transformation shows the immediate connexion between the solitary and asso- 
ciated roots of conjugate with the real and paired imaginary roots of ordinary equations. For if/(<r, y)=0 be 
a conjugate equation, writing 

£t:=v—iu, 

f{x, y) becomes F(u, v), a real form in «, v. 

When V are real, we have 

y v-^iu, ( , , f v\ 

-= -=co8 tan-» -Iq-isml tan-^ - ) ; 

X v — iu \ w/ V W 

when the two values correspond to 

AvV 

X c-j-iy—i \xj'~~c — iy — i 

Thus 

also 

^ X * 

X \x) + 7 ^ — 204 .’ 

of which the modulus is obviously unity. 

(*) Now it is known that if ^ be the number of real, and t of imaginary roots in the real form, (u, v)>*, its dis- 

t(t-i) 

ciiminant, beam the sign (— ) s . Hence the sign of the discriminant of the conjugate form (x, y)" (since the 
determinant of v-t-m, v — iu is 2i) will be ( — )^, where 

, r(r-l) 

^ 2 2 — — ' — 2 — c(c— J;+rr+ - * 

Hence einoe r and f(i— -1) are both even, ( — )*=( — ) i , and Ihe sign of the discriminant of a conjugate 
form is q- or — according as the number of imaginary roots does or does not contain 4 as a factor. 

It must he remembered that the sign of the discriminmit is not in general the same as that of the zeta or 
squared product of differences of the roots. The sign of the zefa for real equations follows precisely the same 
law as the sign of the dis&rwfdnard for conjugate on^. 

' 4l2 
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effect of the variable point whose coordinates are and st} lyii^ within the area A, 
in that portion of it for which g, n became imaginary ; viz. it is that in snch case Hie 
equation (g, ^), which then becomes of a conjugate form, will have three simple and two 
twin roots ; and thus the unity of the interpretation is restored if we choose, as we very 
well may, to extend the use of these terms to the real roots and the paired imaginary 
roots of ordinary equations. We may neglect the curve of reality R altogether, and 
affirm that all over the area A, g, ^ will have such values as will give rise to three simple 
and two coupled roots. 

(13) That part of the theorem of Newton which had received a demonstration from 
Maclauein and Campbell in the generalized form in which I have enunciated it in this 
paper, may be easily extended to the case of conjugate equations. It will, as applied 
to them, read thus: If the (n—1) quadratic derivatives of a conjugate form of the ?^th 
degree, all whose roots are simple, be multiplied respectively by the coefficients of any 
other conjugate form, all whose roots are also simple^ of the degree (»— 2), and the sum 
of these products be taken as a new quadratic form, the discriminant of this latter must 
be positive, or, which is the same thing, its determinant must be negative. 

(14) So much for the case of 7^=5. If we were to proceed to the consideration of equa- 
tions of the 6 th degree, two cases of resistance would present themselves in the demon- 
stration of Newton’s rule, viz. one in which the signs of the criteria are — -f -f--| — , 

the other — | 1 — . In the latter it would only be necessary to show that the 

discriminant is necessarily negative, since we know from the derivatives that the equa- 
tion must have four imaginary roots, and the choice would lie between the alternatives 
of there being four or six. In the former case the derivatives only indicate the neces- 
sary existence of two real roots, and it would become requisite to prove that there must 
be four or six — an alternative which depends not on the sign of one function of the 
coefficients, but on the nature of the signs of two such functions given by Sturm’s or 
any equivalent theorem. It would thus become requisite to prove that two functions 
of the coefficients, say L, M, could not both be negative ; and this might be shown by 
demonstrating the existence of two quantities, L', M', other functions of the coefficients 
incapable of assuming any but the positive sign such that L'L+M'M would be necessarily 
positive. 

Taxi n:.-~ON THE LIMIT TO THE NUMBEK OF EEAL ROOTS IN EQUAHONS 
OE THE FORM S(a^+&)“. 

(15) I shall now proceed to the consideration of a theorem relating to a particular 
class of ordinaiy equations, which occurred to me in the course of and in connexion 
with the preceding investigations. The theorem itself, but unaccompanied by proof, has 
appeared in the ‘ Comptes Rendus’ of the Academy for the month of March 1864. 

Both as regards its nature and the processes involved in the proof, it stands in close 
relation to Newton’s rule, my study of which in fact led me to its discovery. It will 
therefore take its place most appropriately in this paper. 
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Certain preHminary properties of circulation introducii^ some new notions of polarity 
must be first established, by way of Lemmas to the proof in question. 

By a type let us understand a succession of symbols of any subject matter whatever 
misceptible of receiving the signs H — , or any suchlike indications of opposite polarity. 

Let c, ... U h I be any such type, where the elements ... may be regarded 

either as points in a line or rays in a pencil affected respectively with the signs of + 
and — . 

Then by a per-^otatory circulation of such type, I mean the act of passing from the 
first element to the second, from the second to the third, &c., from the last but one to 
the last, and from the last to the first. 

By a trans-Totatory circulation of the same, I mean the act of passing from the first 
to the second, the second to the third, &c., from the last but one to the last, and from 
the last to the first, with its sign resersed. 

A type considered subject to per-rotatory circulation may be termed a Per-rotatory 
Type ; one subject to the other sort of circulation, a Trans-rotatory Type. 

If a, c, d, e be a per-rotatory type, its ^eci phases are 

«, c, d, 

5, c, d, 

c, d^ e^ 

d, (?, J, c, 

€, a, h, c, d, 

and its retrograde phases 

a, e, d, c, J, 

e, d, c, ft, a, 

d, c, ft, fi, e^ 

c, ft, a, e, d, 

ft, flj, e, d, c. 

If, on the other hand, ft, c, d, ^ be a trans-rotatory type, its direct phases wiU be 

a, ft, c, d, e, 

ft, c, d, e, «, 

d, a, ft, 

d, «, ft, c, 

e, a, ft, c, d, 

u, e^ d, c, ft, 

e, d, c, ft, a, 

d, c, ft, a, 

c, ft, o, d, 

ft, u, e, d, c, 


and its retrograde phases 



mmmmm stltesot on the heal 

where tihe sign (— ) is, for greater convenience of writing, placed over instead of b^ore 
the elements which k affects ; and so on in general a type of n elements, whether per- 
rotatory or trana-rotatoiy, will admit of n direct and n retrograde phases. 

If we count the number of variations of sign in the circulations of any phase of a 
per-rotatory type, this number will be the same for all the phases, and will be an even 
number ; this even number may be termed the variation-index of the type. 

So, again, if whatever be the original signs of the element in a trans-rotatory type, we 
CK)unt the number of variations in the circulation of any of its phases, this number also 
will be constant and will be odd, and this odd number may then be termed the variation- 
index of the type. 

(16) Let any phase be taken of a per-rotatory type, and out of such phase let any 
element be suppressed ; then we obtain a type one degree lower in the elements, which, 
if we please, we may consider as a trans-rotatory type, and such trans-rotatoiy^ type 
may be termed a derivative of the original per-rotatory one. 

In like manner any phase behag taken of a trans-rotatory type, one element may be 
suppressed, and the reduced type treated as a per-rotatory one, and termed a derivative 
of the original trans-rotatory one. 

We may now enunciate the following important general proposition, \iz. 

Any trans-rotatory type or any per-rotatory type whose variation-index is different 
from zero being given, a per-rotatory derivative of the one and a trans-rotatory deri- 
vative of the other may be found such that the variation-index of the derived types in 
either case shall be less by a unit than the variation-index of the types from which they 
are derived. 

Case (1). Let the given t}^e be per-rotatory. Then by hypothesis, since it has some 
variations, we may find a phase of it beginning with and ending with — , by which 
I mean beginning with an element that is positive and ending with one that is negative. 
This gives rise to two sub-cases. 

T, the phase in question, will be -|- -| — 

©, the phase in question, will be + . 

In either sub-case let the last sign be suppressed, and the result treated as a trans-rotatory 
type ; then T, 0 become respectively T, O', where 

T' is -h + 

and 

O' is d- — 

and evidently the variation-index of T — variation-index of V= number of changes of 

sign in H 1- less changes of sign in + — =2—1=1; and again variation-index of 

0— variation-index of &= number of changes of sign in f- less changes of sign in 

=1 — 0=1. Hence the theorem is proved for the case where the given type is 

per-rotatory. 

Case (2). Let the given type be tram'^otatory. 

Then, agaiu, there must either be a phase of the form P, or one of the form where 
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P repre^nts a memssim of signs of the same name as + 4-...-f-oi: — — , 

and <I> represents a succession beginning with one sign as + mid ending with one <n: 
more signs — , or else beginning with — and ending with a succession of ®gns 4** 
Essentially, then, as a change of signs throughout a whok succe^ioh does not affect 
the vmatirai-index, we may suppose ^ 

P=+ + 

the signs intervening between the two expressed signs — in O being filled up in any 
manner whatever, and those between the two signs 4- with signs exclusively 4-* 

Let now that phase of be taken which commences with the first sign of the final 
succession of 4-- Then <I> becomes 

which is of the form 

+ 4-4-, 

so that P is only a particular case of If the last sign in (4>) be suppressed and 

the result treated as a per-rotatory type be called (<!>)', so that (0/= 4- •••••• 4-5 we 

have variation-index in (O)— variation-index in (^>)'= changes of sign in — f- less 
changes of sign in 4-4-=1^0=l. 

Hence the proposition is established for both cases. 

(IT) The theorem to which this Lemma-proposition is to be applied concerns equa- 
tions of the form 

£,Mr4-«2M^+0 . . . 4-rf==0, 

where ttj, •*.,«« are any linear functions of m is any positive integer, and 

gj, g,^, . . . g„ are each respectively and separately, either j^lm unity or minus unity. 

Such an equation for convenience of reference may be termed a superlinear equation, 
and the function equated to zero a superlinear function. 

Every superlinear function may be conceived as having attached to it a pencil of rays 
constructed in a manner about to be explained. 

1. We may conceive the function to be prepared in such a manner, that supposing 
ax^hy to be any one of the n linear elements w, every h shall be positive. If m is even, 
this can be effected by writing when required for ax -{-by, —ax— by without further 
change. If m is odd, we may w'rite when required —ax— by in place of ax~\-by, 
changing at the same time the factor g, w^hich appertains to {ox—byY from -f 1 to —I, 
or nee m'sd, fi*om —1 to -fl. 

Kow take in a plane any two axes of coordinates 0|, 0?j, and consider a, b os the f 
and fj coordinates of a point. All the n points thus obtained, on account of every b being 
positive, will lie on the same side of the axis Oji, and thus the entire n linear functions 
win be represented by a pencil of n rays, the two extreme rays of which make an angle 
less than two right angles with each other; but each term of the superlinear function 
contains, besides (ax-^by)*^ a definite multiple 4-1, or —1, and we must accordingly, to 
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completely express suck term, conceive every ray affected with a distinct si^ 4 “ 

A pencil thus drawn mth its rays so polarized will give a complete representation of 
any given superlinear .function, and may be called its type-pencil{^}. 

I am now able to state the following proposition : 

(18) The mmher of real roots in a superlinear eqmtim cammt earned the 
index of its type pencil^ regarded as a perrotatory type^ if the degree of ths ^mtion he 
even, and as a trans-rotatory type if the degree of the eguation he odd. I prove this 
inductively as follows. 

1. Suppose the theorem to be true when the variation-index of the type-pencil is 
not greater than the even number and consider an equation of the odd degree ( 2 i-|-l), 
for which the type-pencil viewed as trans-rotatory has the variation-index p-f 1 . 

Let a phase of this type be taken, say corresponding to the rays ... fa, fi, such 

that the per-rotatory type obtained by striking out the term has the variation-index » 
(as we know may be done by virtue of the Lemma). 

Take for new axes 0?, when O? coincides with ; then it is clear that the 
pencil ... fa? fi will still serve as a type-pencil to the given function, the only 

change being that some of the rays, namely those that did lie on one side of fi, have 
been inverted in direction and changed in sign (corresponding to a change in the coeffi- 
cient a, 5, accompanied with a change in the sign of the corresponding g), whilst the 
rays on the other side of fi have been left unaltered. 

The points {a^, 62 ) . . . (a„, h^) corresponding to the rays f j, fj, . . . will, with 

respect to the new axes, change their values, becoming converted into (a,, 0 ), (a^, /Bg), 
(« 3 , jSg), . . . (a«, /3„), where jSg, /Sg, . . . /3„ wiQ still all be positive, the angle between f, 
and f, being the same as between the two extreme rays in the original figure of the type- 
pencil, and the superlinear equation may now be written in the form 

F(?«, t;)=gi(ai?^)®‘'^^-he2(a2«4-/32v)^+'4'g3(a3Zt4-/33t;)®'+'-fg„(Q5„%4-j3„t?)*’'^^=:0, 

where u, v are real linear functions of x, y. 

(^) Let a circle T>e imagined pierced by a pencil containing any number of rays protracted in both directions, 
gay in tiie opposite points a, a; h, (5; c, y; d, S; and let these points, taken in order of natural succession from 
left to right, or right to left, be a, 6, c, d, a, /3, y, 5. Then, commencing with any point c, a complete circulation 
will be reprinted by the succession of transits 

ciod, <2! to a, «t to /3, /3 to y, y to ? to o, a to &, & to c. 

But whedier a, /3, y, ^ bear r^ectiFely the same signs or signs eontraiy to those of a, 6, e, £?, ftie tranrit be- 
tween any two points jS to y will be of the same nature, as regards continuance or change of sign, as frie transit 
from & to c, and thus we see that the complete <ycle or total revolution above indicated is only a reduplication 
of, and may be ftiUy d^gnated by the hemicyclic succession c to </, to a, a to /3, to y, for which the num- 
ber of variations therefore will be the same as for any sunilar succession obtamed by commencing with any oth^r 
element in the original system of points instead of c. If the opposite points bear like signs, the above succe^on 
of transits may be indicated by the order e, d,a,hje;\l they bear contrary signs by the order c, d, a, h, c, and thus 
it is that the idea arises of the two kinds of so-called circulation, but which are in feet only more or less dis- 
guised species of semicirculation. 
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Let the derivative of this function be taken in regard to % and we have 

where . . . j 3 ^g« have the same signs as s^, S3, . . . s^ respectively. ^ 

Mow the pencil-type of F(w, tj) will be the per-rotatory type . . . ^2, of which 

by construction the variation-index is y. Hence by hypothesis F(z;, v) has not more 
than » real roots, i. e. at least 2i—y imaginary roots. Hence F(w, v) has at least that 
number of imaginary roots, i. e, at most (2*-|-l)— (2^— i*), i. e. ^-{-1 real roots. Hence if 
the theorem is true for y an even number, it is true for v-f 1. 

In like manner let us proceed to show that when it is true for y an odd number, it 
w’ould remain true for f+I. 

The reasoning will be precisely similar to that followed in the antecedent case. We must 
find a phase of the per-rotatory type ... ^21 fi having the variation-index y such 

that the trans-rotatory reduced type ... ^2 shall have the variation-index ; 

the new pencil will still continue to be a type-pencil of the given superiinear function, 
the change of direction in the bunch of rays one on side of being now unaccompanied 
with change of sign, such change corresponding to 5(050? becoming changed into 
s(— without i undergoing a change of sign. 

As before, the axes of coordinates are transformed from 5, fj into rl, and we obtain 

for which the type-pencil is the trans-rotatory type ... fa, of which by construction 

the variation-index is v—l, so that its number of imaginary roots is 2i—{v—l)^ and con- 
sequently the number of real roots of F(«, t;) will be 

Thus, then, if the theorem be true for v, whether v be even or odd, it will be true for 

But when the superiinear function becomes a sum of even powers of linear func- 
tions of 0?, all taken with the same sign, of w’hich the number of roots is evidently 0. 
Hence, being true for this case, the proposition is true universally. 

It will be noticed that the algebraical part (as distinguished from the purely polar- 
tactic part of the above demonstration) depends on the same principle of which such 
abundant use has been made in the former part of this dissertation, viz. that the num- 
ber of imaginary roots in any ordinary" algebraical equation in x cannot be increased 
when we operate any homographic substitution upon or, and take the derivative of the 
equation thus transformed in lieu of the original(^*). 

Q*) For greater oleame^ I present in an inverted order of arrangement a summary of the foregoing argu- 
ment. 

By an ith derivative of /(a*, y) is meant any derived form 

4 M 


MDCCCLXIV. 



604 


HEOMSOB SYLTOTEE OK TJEtE BEAL 


(19) The proposition abo¥e established leads immediately to the theorem and eoroUary 
following, viz. 

Theorem. If Cj, be a series of ascending or descending magnitodes, and m 

any positive integer, the equation 

cannot have more real roots than there are changes of sign in the sequence Xj , Xg, . . . 

(-)%. 

Tor obviously (1, rj, (1, ... (1, <?„) wiU be points corresponding to rays within a 

semirevolution, and therefore forming a type-pencil. 

Corollary. If the above equation be transformed by any real homographic substitu- 
tion into the form 

where yn 72 ? • • • 7n are taken in ascending or descending order, the number of changes 
of sign in the series . . . fju„, is invariable for the effect of any such 

formation will be to leave the type-pencil unaltered except in its phase. 

(20) If we look to the undeveloped form of the superlinear function 

S=6,<-f 

and are supposed to possess no knowledge of the coefficients which enter into the linear 
elements «, we may still draw some general inferences as to the limit of the number of 
real roots in S=0. Thus if the number of positive units g is^, and of the negative 
units and j is not greater than it is obvious that, whatever may be the form of 
the type-pencil to S, its variation-index cannot be more than 2j when m is even, nor 
more than 2/-f I when m is odd ; for the arrangement the most favourable to the large- 
ness of the number of the real roots is that where every two rays with the signs belong- 


the \, ju quantities being any real quantities iFbaterer. Then I say — 

1. If T is the type -pencil (per-rotatory or trans-rotatory) of any superlinear form F, every derivative of T of 
the contrary name is the type-pencil of some first derivative of F, as shown in art. (IS). 

2. A derivative of T of contrary name may be found such that its variation-index shali be less by a unit 
than that of T itself, as shown in art. (10). 

3. Hence if / is the variation-index of the typo-pencil of F, an ith derivative of F may be found such that 
its variation-index shall be 2 ero, and consequently having no real roots. 

Hence, finally, since the number of real roots of any ratioual integral homogeneous function in a?, y cannot 
exceed by more than i the number of the real roots in any of its ith derivatives, F cannot have more real roots 
than there are units in the variation-index of its type-pencil. 

The subtle point of the argument, it will be noticed, lies in forming the conception of the variation-index to 
a trans-rotatory pencil, in which the singular phenomenon occurs of a reversal of rdative polarity in passing 
from the last ray to the first, whereas in a per-rotatory pencil any ray indifferently may be r^arded as the 
initial ray, no such reversal in that case taking place. 

(^) It may be noticed that, contrariwise, the limit to the number of real roots given by Kewtojt’s crit^ia 
is not an invariant ; it fluctuate with the homographic transformations operated upon the equation ; and a 
question suggests itself as to the maximum value the number of imaginaries indicated by the rule can attain. I 
presume this maximum is not in all cases necessarily the actual number of the imaginaTy route possessed by 
the equation. 
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iug to the^* group of i are separated by one or more of the rays with a contrary sign to 
tibemselves. Thus it appears that when only the units Sj, Sg, ... are given, we may 
impose a maximum upon the number of real roots in the superlinear equation ; this 
limit may be called the absolute masdrmm^ being the double of the inferior number 
of like sig^s in the series Ei, g^, . . . £« when the degree is even, and one more than such 
double when the degree is odd (^). 

The^^edjic masimum^ on the other hand, will depend on the form of the type-pencil, 
and cannot be ascertained until the coefficients of the linear elements are given. It can 
never exceed, but may be less than the absolute maximum. It may, indeed, be easily 
proved that in general the specific maximum will be less than the absolute maximum. 
Thus, by way of example, suppose the degree to be even, and the inferior number of 
like signs to be 2 ; the absolute maximum number of real roots will be four, but the 
specific maximum will more generally be only two. For let the number of linear terms 
in the superlinear function be 2 -f w being 2 or any greater number ; and first, to fix 
the ideas, suppose »=2. The type-pencil, which is to be read per-rotatorily, consists of 
four rays, say a, 5, c, d, following each other in uninterrupted circular order, of which 
two are to bear positive and two negative signs. If the two negative signs fall on a, c 
or on d, the variation-index will be 4, but in the other four cases of incidence such 
index will be only 2 . Consequently the chance is 2 to 1 {^) that the specific maximum, 
which may be 4, is not greater than 2 ; and consequently the chance that there will be 
four real roots in the equation will be only a chance (too difficult to be calculated, but 
w'hich is a function of the degree of the equation) of the chance J that there wdll be as 
many as four real roots in the equation — w*= 0 , where Wi, « 2 , 2 ^ 3 , are 

(^) (*) If a superlinear form of an odd degree contains an odd number of terms, say 1, tbe greatest value 
of tbe inferior number of like signs is Ic, and the extreme limit to tbe numbey of real roots will be 

If it contain an even number of terms, say 21', the greatest value of tbe inferior index is h ; but for this par- 
ticular case it will readily be seen that a Hmit may be assigned to tbe variation-mdex closer than that given by 
tbo rule in tbe text; in fact tbe variation -index cannot in that case exceed 2I-— 1, which will therefore be tbe 
extreme limit to the nnml^r of real roots, I^ow suppose the canonixant of an odd-degreed function of a-, y to 
have all its roots real, then it may be expressed by a superlineax form of which the number of terms will be 
or 2i, according as the degree is di-fl or 4i— 1. In the one case the number of real roots cannot exceed 
2t-f 1, in the other 2i — 1, Hence the following somewhat curious theorem : 

P*) If the canonizant of an odd-degreed quantie in x, y, of the degree 4i+l, has no imaginary roots, the qtwn- 
tk itself must have at least i pairs of imaginary roots. From the fact that when the roots of the eanonkant of a 
qnintic are aU real riiere must be one pair at least of imaginary roots, we can infer that when the discriminant 
of a quintie is positive and that of its canonizant is negative, the equation has one real and four imaginary roote. 
This observation ims led to a long train of reflections, which will be found embodied in the 3rd part of the 
memoir. 

This, in fact, is identical in substance with the noted problem of determining the chance that two straight 
lines drawn on a black board will cross. Mr. Caylet, of w’hom it may be so truly said, whether tiie matter 
he takes in hand he great or small, “ nihil tetigit quod non omavit,” suggests the following independent proof 
of this. Taldng unity as the length of the contour, fixing the extremity of one of the lines, and calling s the 
distance of its other end from it measured on the contour, the chance of the second line crossing this is easily 
seen to be 2s(l— a), which, integrated between s=0, s=l, gives as before obtained. 

4 M 2 
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unknown linear fonctions of x : thus we are entitled to say that in general the number 
of real roots in such an equation is not the maximum four, but a less number. This 
remark is of importance, as showing that on this subject it is possible to speak with 
scientific certainty, and on other than empirical grounds, of what may in general be 
expected to take place. Thus we find Newton declaring twice over in the chapter 
quoted, that in general his rule will give not merely the maximum, but the actual 
number of the imaginary roots in an equation. I am strongly inclined to doubt the 
truth of this assertion; but it is important to be satisfied by analogy that such an 
assertion may rest on a scientific and demonstrative basis, and not on the utterly falla- 
cious foundation of arithmetical empiricism (^). 

(®®) A feir additional ’words on this question of probability may not be unacceptable. In order to meet the case 
of the degree of the superlinear form or equation being odd as well as even, let it be supposed known under the form 

the values of the quantities q being supposed to he left wholly indeterminate, and only the signs of the quanti- 
ties X to be given. Let w be the inferior number of like signs in tbe X series, meaning thereby that the num- 
ber of signs of one sort is w, and of the other sort w, or more than w. 

Let the probahiKty df the specific maximum of real roots being when m is even, be represented by 
and of its being 21* +1 when m is odd by ttsa+i ; also let <y 2 *+i represent the number of cases when w and n 
are given which correspond to the specific maximum being 21, 21c -^1 respectively. Suppose w=l, then obvi- 
ously, when m is even, we have Sj=n,pj=l. But when n is odd <t^=2 (for when either extreme element alone 
is negative the trans-rotatory cycle has the variation-index unity), and er^—n^2, so that 

__2 m-2 

n 

Again, suppose w=2, m being even; then obviously is the number of contiguous duads in a cycle of n 
elements, and .9^ is the remaining number of duads ; hence 

w— 1 n—S 
s.^=n, ^ ; 

so that 

2 «-3 

— 1’ n — 1 

2nd. Suppose <ij=2, m being odd, so that tr^, o-, will have to be separately estimated. To fix the ideas, 
let the X series he termed a, h, c, d, e, /, g, in which two of the elements are supposed of one sign, say negative, 
and the rest of the opposite sign, say positive ; then the only dispositions of sign which correspond to the specific 
maximum being 1 are those in which a, h or else/, g are both negative. Hence 0-^=2. Again, the dispositions 
of sign which make the specific maximum equal to 3 are those in which a, g are both negati^’e, those in which 
a and c, d, or /are negative, those in which ^ and e, d, c, or 6 are negative, and, finally, those in which 
any two contiguous elements except the a and g are negative. Hence ff3=l-f-2(a— 3)+(u— 3)=:3ft--8 ; and 
it should be observed that this result cannot be prejudiced in its generality by the supposition of any of the 
components of er, becoming negative, since w=2 implies that n is at least 4. Hence, finally, 

/s» 81 g K’'-7« + 12 _ (tt-3)(n-4) , 

<f,— 2 — (i>»— »)— 2— 2 , 

so that 

4 6a— 20 7n+16 

*"1 — fi w"— n 

This example serves to show how much more difficult is the computation of the respective probabilities when m 
is odd than when m is even, owing to the break of continuity in the cycle of reading on passing from the last 
to the first term. 
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Eeceived May 7, 1864. 

On the probability of the specific mperior limit to the number of real roots in a 
superlinear equation equalling any assigned integer. 

(21) The question comes to that of determining the probability of a per-rotatory or 
trans-rotatory pencil with a definite number of rays of each kind possessing a given 
variation-index. 

Since the foot note below was written, a method has occurred to me of obtaining the 
probability in question in general terms, as follows. 

1, For 0 . pcr’-rotatory pencil of g, positive and » negative rays. Let y, g~\ be the 
probability of the rays being so disposed as to give rise to 2g variations of sign in 
making a complete revolution. Then there will be g distinct groups of positive, and g 
of negative rays. The number of partitions with permutations of the parcels inter se 

of gj elements in g parcels is and of p elements into g parcels is 

If we combine each parcel with each in every possible way, and then imagine the 
combined parcels let into a circle containing m-\-n places and shifted round in the circle 
through a complete revolution, we shall obtain 

^ (v~l)(y-i?)..(v-<7-t-l) 

arrangements ; but on examination it will be found that every arrangement so produced 
will be repeated g times ; moreover it is obrious that no other aiTangement giving rise 
to g groups of each sort can be found. Hence the true number of distinct groupings 
of the sort in question is 

a 1.2.. (y-i) i.‘.i..(^-i) 


It seems hardly -o’orth while to pursue this suliject in greater detail. I will only notice that when m is even 
the chance of the specific ma.ximum attaining the absolute maximum, i. e. becoming Sw, will depend on the pro- 
portion of the wa)s in which in a cycle of n elements u of them may be marked with a distinetiirc sign in such 
a way that no two of such signs shall come together. Accordingly I find by a computation of no great (lifficuity 
(understanding to mean 1.2.3,..ir), 

nr(« — hi — 1) 
asw— .,rw;r(« — 2(u) ' 

and hence, since the total number of combinations of n elements w and w together is — — - , I deduce 

— hi) 


7r(w— hi)a-(n— hi — 1) 

w(«-l)ir(ji-2hi) 


Thus when n h^ its minimum value, viz. 2hi, ^ , and becomes very small as h» increases. When 

7r(«— 1) 

a^in ^ increase towards infinity jpg® approaches indefinitely near to unity, and the chance approaches near to 
(^rtainty of the specific not beoming less than the absolute maximum of real roote. 
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And the total number of arrangements, which is the number of ways in which ft things 
can be distributed oTer (ft+y) places, is Hence we obtain 


P , TCflVV 




TTjU-Trf/u,— l)7rv?r(v — 1) 

“)ry7r(^-l)Tr(ft-y)5r(v--5r)»(^+y-l)‘ 

[Throughout these investigations is used in the same sense as Tlx, to signify the 
factorial 1.2.3...^.] 

If there should appear any obscurity in the statement of the method by which has 
been obtained the number of distinct distributions of the fb, p elements into g groups 
of each, the reader is referred to the equation in differences obtained further on in this 
Note, by which all doubt of the correctness of the result will be removed. 

(22) For a tram-rotatory pencil of rays, to ascertain the probability of the variation- 
index being 2^+1- 

Imagine a circular arrangement of g* positive elements and p negative elements con- 
taining 2y variations. 

Let this circle be supposed opened out at any point and the variations of the open 
pencil so formed to be reckoned according to the trans-rotatory law, which is that in 
passing from one extremity to the other a change is to be seen as a variation, and a 
variation as a change. If the break is made between two negative or between two 
positive elements, the number of variations obriously becomes by one unit; but 

if between a positive and a negative element, that number becomes decreased by one 
unit. The number of these latter intervals is 2y, and of the former ffc-f y— 2y. 

Hence the probability of the index becoming 2y+l is and of its becoming 

2y-lis^. 

If, then, we denote the probal:)ility to be calculated by [g^, p, it is obvious that 

we shall have 

[p. ^ 3+4]= [>> 1>> 3+1]- 


But by the formula previously obtained it will easily be seen that 




!>’ 3+i]= 




^2 
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Whea ^=0 tbe above expression fails; but reverting to the equation frc^a which it is 
derived, we obtain 

(2Bj These combined results admit of an easy corroboration, for ' 


", ?+i)=l, and TJii,f,g)=l. 
Hence the equation marked * gives 




Hence we ought to have 

r-=i. 1- e. 1+2 


vfjuirv + . 

v{}s.—g)'!rgi7{v—g)vg'~‘ 


which is true, since the left-hand side of the equation is » 

which is obviously the coefficient of of' in i* e. in (1+^)'"^*'* 

(24) If we wish to find the chance of the specific superior limit becoming equal to the 
absolute superior limit, we must write g in the above formiilse equal to v, that one of the 
two quantities jO., v which is not greater than the other, and we shall obtain 


r 1 

'w(ju,+ y — v)’ 
r X/XTfjtt — 1) 

|>, ^ ^+2j=,r(a + v),r(jx-;-T)’ 


so that, in fact, r, y-f ^-]=:[)e,, y-fl, y+1], -which relation may also be obtained by 
a gniori considerations. 

(25) With reference to the remark made concerning the mode of obtaining the value 
of jju", J', ^], I proceed to show how it may be obtained directly by the integration of an 
equation in differences, and by a method analogous in idea to that by which jjsfc, v, 
was made to depend on [(m, y, ^]. For as in that case w^e conceived an open pencil to 
be closed and then reopened, so we may imagine one of the rays to be withdrawn and 
then reinserted. In this way, observing that the effect of introducing a negative sign 
into a circle of positive and n negative signs consisting of y distinct groups of each is 
to produce no change in the number of the groups if inserted between two negative 
signs, but to increase that number by unity if inserted between two positive signs, we 
may infer that the probability of y becoming J'ff-l, in consequence of such insertion, is 

and of y remaining unaltered, is 
Hence we obtain the equation in differences, 


1>> S']=^:jlrf l>, "-1, 


in which (k may be considered constant, and r and g to vary. 



610 


PEOPESSOB SYLVESmS OJY THE BEAL 


The integral must satis:fy the further condition that [/*, 1, g\ shall be imity when g is 
1, and zero for all values of g greater than 1. 

Assume the value of [ft», 1, gl obtained by the method given in art. (21). This 
obviously satisfies the initial conditions corresponding to ^=1. Moreover we may easily 
deduce from it the equalities 

0, .-1, si and |>, —I- si 


Hence the equation in differences will be satisfied if it be true that 


v-9 


= (»'— 1+^) + 


i 

v-y 


which is obviously the case, since ^—v—g^—gz=:(v—g){¥‘\-g^\). 

Since, then, the assumed value of [/i, y, g~\ is correctly determined when *^=1, it is 
obvious, from the form of the equation, that it holds good] for all other values of as 
was to be shown, 

(26) From the equation 


making (i«'“^)(»'-~^)=^(^'+l) or we may readily infer that the value of ^ 

for -which the probability p, gl is greatest is the integer part of if that quan- 

tity is non-integer, or the quantity itself and the number next below it (indifferently) if 
it is an integer. 

(27) If we apply a similar method to Jja., y, J], we obtain by aid of the foimula 
above given, 

+ 2/i,v-(/i.-t-v)7 (/i,+ l)-y(y+l— y) . 

2/xi/ + f* + v~(ft-fv}7 

and equating this ratio to unity, we obtain 

2jav— (jct-f v)7 ’Z . 

+ ft + y — (i«. + v)y “ (ft + 1) + 1) — {p + V + 2)7 

or writing gjv~q^ 

{f +i?)7+2?(?+i? -f 1):=0. 

The roots of this equation will be both of them real, for its determinant is 

which is necessarily positive. Hence it follows that there are two positive roots of the 
equation. Whether there -will exist values of g which give actual maxima or minima 
values, or one and the other to y, ijj depends on the further condition being 
satisfied that the values of g in the above equation shall come out one or both of them, 
not greater than either of the two numbers /*, v. The inquiry connected with the satis- 
&ction of this condition may be conducted by means of repeated applications of the 



AHB IMAaiKAEX BOOTS OF EQUATIOl^S. ' 611 


pjpocesses of Stuem’s theorem ; but I shall not enter upon it, as it appears to lead to 
calculations of complexity disproportionate to the interest of the result. 

(28) It may be noticed that the merage value of [/£., j*, g] can be calculated without 
may difficulty. This will be ^]), or 

f-, , (ft~l){v-l) (;t-l)(;t-2)(K-l)(v-2) -j 

5r(M'+i'-l)L 1 1-2® -r-'-J 


•KivKV — 2) ftv 

+ 1) *irOtt~l)?r(y— 1) (/a + v— 1)» 


so that the average number of variations of sign in a per-rotatory pencil with positive 
and V negative signs is , or a little more than the harmonic mean between g*, v. 

In like manner, for a trans-rotatory pencil this number will be 

2 { 25 -+ 1 ) 0 ., ,, ?+i]=[>, ^ l] + 2((2^+l)(^-l)(^, j]), 

which, observing that 2[ju., y, y] = l, and (gj^ y, =2, gives as the average 

number of variations of sign hi- 

® fj. + y ^ + 


Eeceived Maj 10, 1864. 


(29) The simplest mode of calculating the value of [fi, y, gl is the following : 

Let [/4, y, g), ^g>, y, (^— J)) denote the probability that an arrangement in open line (in 
which, as is the case in applying Des Caetes’s rule of signs, no account is taken of the rela- 
tion of the extreme signs to each other) shall contain respectively 2g and 2y— 1 variations. 
Conceive a circular arrangement of y groups of positive and y groups of negative signs. If 
this circle be opened out into a line at an interval between a positive and negative sign (of 
which there are 2y), one variation will be lost; but if at any of the remaining f*-|-»^—y 
inter^'als, the number of variations remains unaltered. Hence we derive immediately 

1>. and 


But we may find y, g — by counting the arrangements which give /x, y, 2g — 
variations of sign. These may be all obtained, and without repetition, by intercalating 
every distribution of g, into g groups with every distribution of y into the same ; and the 
intercalation may be performed in two ways, according as the parcels of the gu signs, or 
those of the y signs, are taken first in order. Hence we have 

V a 1\ — -..(ft-jy+l) (v->l) (y-2) ... (y-jy-H ) 

1,2 ... (^-1) 1.2 ... (y-1) rfjtt+y) 

^ 2vfi,x(fjL — l)7rirjr(v — 1) 

4- v)v{g — — l)^{fi—g)^{v—ff) * 

mid thus 


p -j ft'-f Y ,, — I)gv7r(v-~1) 

[p> 9 j 2ff ^ v{fi, + v+l)7tgir{g--l)w{f*r—g)%{y—g 


as previously found ; also 

«r(ft + y)7ry7r(y— 

4 N 
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(30) Moreover, we thus see that the average number of variations in an open line 
with {jj positive and ¥ negative signs, which is 

•2(2ir-l)[ft, », jr-|)+22^(i, g), 


will be equal to 


•'> ?—!)+[>. *■> ?))-2i>, g—i)) 


22glj.., ?]=^^ 22 ^[^, ,, g]='^ 


1 


2ffcy 


~fi+v 


The total number of variations and continuations together is Hence the 


difference between the two is — 1)? or 

/X + V 


jX-hv 


so that the average 


number of variations is greater than, equal to, or less than that of the continuations,* 
according as the difference between the numbers of the tw o sets is less than, equal to, or 
greater than the square root of the entire number of signs. Obviously the average 
should be the same for the variations as for the continuations if the number of signs, 
say >1+1, is given, and each is supposed equally likely to be positive or negative. This 
is easily verified ; for multiplying the probable value of each distribution of signs by the 
probable value of the number of variations corresponding thereto, we obtain the series 

1 ^ . tx . . -.N« . o/ 

1.2.3 






T n(n4- n 

■ * ‘ J “2* 


(a +1)2” 

This is the final average of the number of variations of sign, and will be equal to that 
of the continuations, since the entire number of the two together is n. 


Received October 27, 1804. 


PiMi III.— ON THE NATURE OF THE ROOTS OF THE GENERAL EQUATION OF THE 

FIFTH DEGREE. 

(31) In a foot-note, Part II. of this memoir, I have shown that when the discriminant 
of the canonizant (constituting an invariant of the twelfth order) of an equation of 
the fifth degree bears a particular sign, the character of the roots becomes completely 
determined by the sign of the discriminant of that equation. 

Tliis has naturally led me to investigate de novo the whole question of the character 
of the roots of an equation of that degree ; and I have succeeded in obtaining under a 
form . of striking and unexpected simplicity the invariandve criteria which serve to 
ascertain in all cases the nature of the equation as I’egards the number of real and. 
imaginary roots which it contains ; then passing to the expression for these criteria in 
terms of the roots themselves, I obtain expressions which exhibit the intimate connexion 
between this subject and a former theory of my own relative to the construction of the 
conditions for the existence of a given number and gi*ouping of equal roots, which can 
hardly fail to lead eventually to the extension of the results herein obtained to equations 
of any odd degree whatever. It is the more needful that these results in a question of 
so high moment to the advancement of algebraical science should be made public, inas- 
much as they do not seem to accord -with those obtained by my eminent friend M. Heemite, 
wHo has preceded me in this inquiry in a classic memoir, published in the year 1854 in 
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the mnth Yolume of the Cambridge and Dublin Matbematical Journal, since wbicb time 
I am not aware that tbe subject bas been resumed by any other writer. The discrepancy 
between our conclusions may be only apparent ; but there can be no doubt of tbe supe- 
riority of tbe form in which they are herein presented, inasmuch as only three functions 
of the coefficients are required by my method, and five by M. Heemite’s. The solution 
offered by M. Heemite is confessedly incomplete, but to this great analyst none the less 
will always belong the honour, not only of having initiated the inquiry, but of having 
emitted the fundamental conceptions through which it would seem best to admit of suc- 
cessful treatment. The arrow from my hand may have been the first to hit the mark, 
but it was his hand which had previously shaped, bent, and strung the bow. 

Our methods of procedure, however, are mdely dissimilar, and by employing my well- 
known canonical form for odd^degreed binary quantics, long since given to the world, I 
have succeeded in evading all necessity for the colossal labours of computation required 
in M. Hermite’s method, and am able to impart to my conclusions the clearness and 
certainty of any elementary proposition in geometr}^ not scrupling to avail myself for 
such purpose of that copious and inexhaustible well-spring of notions of continuity which 
is contained in our conception of space, and which renders it so valuable an auxiliary to 
Mathematic, whose sole proper business seems to me to be the development of the three 
germinal ideas — of which continuity is one and order and number the other two*. 

Section I. — Preparation of the General Binary Qnantic of the Fifth Degree, 

(32) Let (fl, h, c, d, e, ifx, yy=F(^, y\ 

a cubic CO variant of F is the canonizant C, where C represents the determinant 

a b c d 

bed e 
c d e i 

f yp 

Let us first suppose that this form does not vanish identically^ and has at least two 
distinct factors n linear functions of where of course ri are each of them 
determinate to a constant factor gLing any value to the constant factor for either 

of them, we may write F(.r, ?j)=(a, |3, 7 , s, canonizant of <I> 

with respect to f, becomes the determinant T, where T represents 


a 

(3 

7 

b 

P 

7 

b 

s 

7 

b 

s 





-f. 


* Herein I tiiink one clearly discerns tlie internal grounds of tKe coincidence or parallelism, wMeh. observa- 
tion has long made familiar, between the mathematical and musical ^dos. May not Music be described as the 
Mathematic of sense, Mathematic as Music of the reason ? the soul of each the same ! Thus the musician feels 
Mathematic, the mathematician thinks Music, ^ — Music the dream, Mathematic the working life — ^ch to receive 
its consummation from the other when the human intelligence, elevated to its perfect t3rpe, shall shine forth 
glorified in some tiituro MozAnr-DiniciELEr or Beethoven-Gattss — a union already not indistinctly foreshadowed 
in the genius and laboum of a Helmholtz ! 

4x2 
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Hence since T to a constant factor is identical with C, the coefficients of #?*and ? in 
the above determinant must vanish in order that may be contained in T. 

Hence the two determinants 

a /3 y ^ y h 

^ y ^ and y ^ g 

y $ g S g f 

both vanidi. 

Hence either a, |3, y, or otherwise y, g, or else the first minors of 


are each 2 ero. 

The first two suppositions must be excluded, since either of them would lead to the 
conclusion of T, and therefore C, being a perfect cube, contrary to hypothesis. The last 
supposition implies either that /3, y, or otherwise that y, g, or else that jSS—y^ and 
yg — are each zero. 

If /3, y, ^ are each zero, T becomes a multiple of ; if y, s are each zero, T becomes 
a multiple of ; that is to say, T, and consequently C, contains a square factor ; and 
obviously the converse is true, so that when C contains a square factor F is reducible to 

• . V ^ y^ fT 

the form au'‘-j-5miv*-i-yv\ When this is not the case b— — ~ Hence 




which is of the form <y, <p, -J/ being linear functions of y. 

(33) We have supposed C not to be a perfect cube. When it is a perfect cube, say 

I®, we may assume ^ any second linear function of ar, y ; and expressing F in the same 

manner as before in terms of jj, it is clear that all the first minors of 

a j3 y ^ 

(3 y h e 

y S g i, 


except the one obtained by cancelling the last column in the above matrix, must vanish, 
consequently f, t must all vanish, so that O, and consequently F, must contain a cube 
factor identical with the canonizant itself. 

Lastly, if the canonizant vanish entirely, every first minor in the above matrix, when 
we write again a, e, d, e, i in lieu of a, /3, y, g, will be zero. Hence either 
a, c, d, or c, d, or c, d, e, i must each vanish, or else that must be the case with 
the first minors of 

a h c d 
b c d €, 
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or of 


or of 


h c d e 

€ d e i, 

abed 
c d € L 


Under the first or third supposition F must contain four equal factors ; under the 
second becomes under the fourth or fifth it is readily seen that the form 

becomes 

respectively, so that the second, fourth, and fifth suppositions conduct alike to the form 
a particular case of the preceding one. 

It remains only to consider the sixth supposition, viz. that the first minors of 

abed 
€ d e i 

are all zero. 

In this case if we write 

\/ ax^s/ cy=v, 


A-B= 


A 


and if neither a nor c is zero, it will readily be seen that F(.r, becomes Aw®-|-By^ by 
mtue of the relations 

If «=0 or c=0, the preceding transformation fails. 

But unless also ?=:0 or f=0 at the same time as a=0 or c=0, a legitimate transforma- 
tion similar to the above may be performed by interchanging or, c, x, y with L x. 

If now 

«?=0, it will easily be seen that a. c, d or else a, c, e are each zero. 

Similarly, if 

t=0, it will easily be seen that i, e, d, c or else i, d, b arc each zero. 

Again, if 

c=0, it will easily be seen that a, b, c, d or else c, e are each zero ; 

and if 

d=0, it will easily be seen that c, d, e, i or else d, b are each zero. 


(!») gee that the equation o5a?‘’+10(wa:^-}-105f^+5flrA’+5r=:0 belongs to the class of soluble 

forms. 
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Thus, then, if and f=0, all the coefficients, or else all except one, viz. h or are 

zero ; 

if a=0 and> d^=0, all the coefficients, or else only not e and ? or only not h 

or only not i are zero ; 

so if ?=0 and c=0, all must be zero except h and or ^ or « ; 

if c=0 and d=0, only c and i or else a and b or else a and i will differ 

from zero. 

Hence, then, in any case there will be at least four equal roots, or else F is of the form 

Thus, then, for the first time has been here rigorously demonstrated, free from all 
doubt and subject to no exceptions, the following important proposition: 

Every binary quantic function mf coniainhg three or more egual roofs is reducible to 
one or the other of the two following forms, 

or ati^+6euv^-i-fv\ 

The fonner is the case when the discriminant of the canonizant is different from zero, 
the latter when it is equal to zero ; for it will be observed that, whether the canonizant 
has equal roots or totally disappears, its discriminant in both cases alike is zero. 

( 34) It has been seen that when the quintic has three equal roots the canonizant becomes 
a perfect cube ; and it may not be out of place here to point out what the conditions 
(necessarj’ and sufficient) are to ensure the quintic having four equal roots. These are 
all comprised in that of the quadratic covariant vanishing. To prove this, let be a factor 
of F{^, j/), so that 

F(a', ^)=<t>(a:, r,)=(a, (3, y, \ e, 

Then, since the similar covariant quoad .r, y must also vanish, we have 

as — 4/3^ -j- 7 ^= 0 , — 3j3s+2yS=0, — 4ys+3S^==0- 

If 6=0, then ^=0, y=0 by virtue of the two extreme equations, and and therefore 
F, contains four equal factors. If s is not zero, 

7=—, /3=^5 and <I> becomes ; 

so that, as before, there are four equal factors. Conversely, it is obvious that if there 
are four equal factors u, so that the quadratic covariant of <1> disappears. 

(35) The quadratic covariant also it was which led me to perceive the transformation 
applied in the antecedent article. For when the first minors of 

\ a b c d 
\ c d e f 
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are all zeros, the quadratic covaiiant becomes 

Supposing neither of those coefficients to vanish, and calling its two factors u and % and 

making ^ 

F(x, ^)4>(«, «)=(«, |3, 7 , 5, £, r§u, v), 

it is clear that the minors of 

a /3 y § . 
y S 2 , 

can no longer all be zero, since in that case we should have 

containing u, v as factors. Consequently the canonizant of 0 must vanish under one 
or the other of those remaining suppositions which had been pre\iousiy shown to con- 
duct to the form m^+hv\ or else to the case of three or more equal roots. When the 
quadratic covariant vanishes, we know that there must be four equal roots ; and when 
it becomes a perfect square but does not vanish, it will be found on examination that 
the equation has three equal roots. 

(36) Eetuming to the general case, where lo®, and making 

identically zero, and WTiting u\ v'. w' for w? ^ respectively, becomes nil^ 

or, if we please, with the condition ?4-}-y4-w=0. 

Moreover u, v, w will all tlnee be factors of the canonizant of F. For taking the 
canonizant of F with respect to u, v, it becomes 


r—t 

-t 


-t 


^ 1 

0 

0 

0 

-t 

-t 



or rx - 

-1 

-1 

-1 

-1 

-t 



s—f 

-1 

-1 

-1 

1 



vid 






’—id 


or i. e. — 

Hence \£x^ey, x-\'gy are three distinct factors of the canonizant of F with 

respect to a’, y, if we choose the ratios X : : !< so that X+|M.+>'=0, ^X-|-/^ 4-^*'=^5 we 

may make tt=X{a’-J-^ 3 ^); v=iyj{x-\‘fy); w:=v{x-\-gy); and shall then have 

F(;r, with the condition 

where f, 5, t may be found from three equations obtained by identifying any three of 
the six terms in F with the corresponding terms expressed as a function 

of y. These equations being linear, it follows that sy®, form a single and 
uniqtjts system of functions of a?, y. 
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So when the canonizant has two equal roots and is of the form ^ 

which case the reduced form is au^-\-deuv*-{-fvK The canonizant in respect to w, v 
becomes 

« 0 0 0 

0 0 0 e 

0 0 e f 

if —^ifu wf — 

i. e. Hence, writing 

c, f may be obtained, as before, by means of three linear equations, and the terms 
heuv\ fv^ form a single and unique system. 

Finally, when the canonizant vanishes entirely, so that the form becomes 
the quadratic covariant will take the form ^{x-\~ey){a:-\-fy); and making 
v=:(K-^qy^ a, /become determined by means of two linear equations, so that yi*'’ 
form a single and unique system, as in the preceding cases. 

(37) When the canonizant has three distinct roots, they may be all real, or one real and 

the other two imaginary. In the former case, in the expression tw\ u, v, w may 

be considered as all real functions of y, and r, «, t will then also all of them be real. 
In the latter case w may be taken as areal function of a', y, ii, t? as conjugate imaginary 
functions ; and consequently it is easy to see that, except when r, s are equal to each 
other, they will constitute a pair of conjugate imaginary' quantities : in this case we may 
take for our canonizant form 

or, if we please, 

understanding by respectively. And it should be noticed that 

the determinant of in respect to u, v will be 

I __1 * 

I 2 2 

I -1 r! 

I 2 2 

which is 

(38) Let us proceed briefly to express the invariants of ru^+stf+tw\ which call 4>, 

with respect to w, v; the corresponding ones of which call in respect 

to the same variables w, t? will be found by attaching to these suitable powers of i 


<I>=(f— v)\ 
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Hence its quadratic covariant is the quadratic invariant of 

((f — ftj, fv, — fw— ft?, ’•-tu-^{S'^t)vXv! , 

which is obviously 

rf— sf)m v 

Of this the quadratic invariant is 

rt . st—Krs^rt-sty ; 

or writing §=st, ff=:tr^ T=:rs, and calling this invariant (I), 

Again, the cubic covariant or canonizaut has been already shown to be rsf(u%+uv^y 
Calling the discriminant of this (L), we have 

(L)=“^wr)=-A-§w- 

Again, to find the discriminant (D) in respect to u, v. 

When has two equal roots, and t?4*w=0, it is easy to see that 

we have 5t?^4-X=0, fti?^4"^=0- 

Hence to a constant factor (D) will be the Abm of 

(^f)*-|-(fr)^+(r5)l, i. e. of 

To find the value of this norm, suppose r^=:0, then 

|+(r-f-r=2(gM+<^^^ ri-rV), 
and 

— 2§'0’ — 2§r — 

Hence 

2gff--2§r— 2<rr)^=G4g(rr{(§-4"<3^+^)ri"2(§V^4-<TM-|-T^^®)} =128g(rr(g-4"®'+^)* 

Hence (D) must contain (J)®— •1280<rr(o4’'’'+^) as a factor; and since when f=0, f=0, 
o-i^O, and (D)=t^=(J)^ it is clear that (D)=(J)*— 128(K), where 

(K)=:§(rr(o+<T-fr). 

(39) Although in the investigation in view (K) will only figure as an abbreviation of 
, it may not be amiss to indicate a direct process for finding it. Let us for this 
purpose act upon the Hessian of <3>, treated as a function of v twice with the canoni- 
zant of converted into an operator by substituting — ^ place of u and v, 

(®®) For this is (O, ™ , O^u, v)®, and the discriminant of (a, h, c, d'^i, vj is 

(®) It is worthy of observation that (J) is also a Norm, viz. of |>l+flrl+Tb so that (J) is the dismminant of 
I have not been able to perceive the moipholo^cal significancy of this relation. 

MDCCCLXIT. 4 0 
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The Hessian of O may be obtained without difficulty under the form 
Operating upon this with 
we obtain g(5'r(Ar+B^+Co-), where 



and as we know that this quantity must be of the form X(K)+f4(J)*, we have /!4=:0, 
X=— 72; so that, denoting the operator corresponding to the canonizant by T, and the 
He^ian by H, we have (K)= — (^). This gives a ready practical method for 
finding the discriminant of a general quintic F by means of the identity D= 
where D is the discriminant, H the Hessian, T the canonizantive operator, and J the 
quadratic invariant of F in respect to its oto variables. 

(40) If now we suppose the determinant of w, i) in respect to w, y to be where (ju 
is by hypothesis a real quantity, and if we call the 

Quadratic imnriant in respect to ;r, ^ . . — iJ, 

Discriminant of primitive „ „ . . D, 

Discriminant of the canonizant „ . . ■— -^L, 

we have obviously 

K=/A^®§-Tr(o-|-(T4-r), D=P— 128K, iinvariants of 

L I 

This applies to the case where the reduced form is 4>, i. e. where the roots of the cano- 
nizant are all real, and consequently where •— L is negative, i. e. L positive. 

When L is negative and the reduced form is then, since the determinant of u,y v, 
in respect to v is i, we have 

J = — — 2g«r — 2gr — 2«rr), 1 

K= D=P— 128K, linvariants of 

Tj K 

By means of the ratios it is obvious that in either case alike the ratios of §,<r,r 


(®®) It mil "be the quadratic invariant of with respect to being 2 ero ; just as 

file quadratic covariant of is the quadratic myariant of with re^»rd to the same variables. 

This latter is in fact rmv-\-8tvw-^irwa. 

(^) The intervemng covariantic form of degree 3 in the variables and 5 in the coeffidenis, viz. TH<I>, will 
easUy be seen to be 
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become determinable by means of the same cubic equations, tiz. 

4 

ff, T will be to each other as the roots of this equation (®^). 

(41) Since represents a function in a?, ^ with real coefficients, 4t follows 

that when L is positive, te, ® as well as w being real, a : jS : y are ratios of real quantities, 
and the roots of the preceding cubic wiU be real ; when L is negative, w, v becoming 
conjugate imaginary functions of y, whilst w remains real, r, s, unless they are equal, 
must become conjugate imaginary constants. When r, 5, t are all real, 0 , r vtiU be so 
too; and when r, s are imaginary and t real, §, a will be imaginary and r real. Thus 
according as L is positive or negative the roots of & are or are not all real. Hence 
understanding by A the discriminant of the preceding equation with respect to ^ and 1, 

^ must be always either zero or negative. We see ajpriori that must be integer, 
because when L=0 the cubic has two equal roots, To compute its value more con- 
veniently, write K=6Ar, J=12/. Then the equation becomes 
(1, 2k, -l)^ 

of which the discriminant is 

L* + 4(3^-;X)’ + 32a*- 12^(3^-^X)*- 12^P(3^-;X). 

Hence 

~= P - 10Stj+ SOAyL- 4/ L*+ 32FL 

+ 72^^*-12F/L -.36iPL-fl2y^P 

=:L^- 36^y+24F/L-4/L*~ 4^L+12/1X*. 

Accordingly, multiplying the above equation by — 3T2^ in order to avoid fractions, 
replacing k,j by their values in terms of K, J, and naming G the quantity —432 


(**) For sinee tbe absolute values of f , «r, r aje not in question, we may consider f, r, r as the rools 
gfO— r, so that p-f(r4-T=K. We have then 


pVV 


or 


which gives rss=L®. Again, 


(?«•)*(? + K»’ 


P«rrK2 K* ^ 

r — (K 5 - 4 £)==:HP, or 2«— 4 

As regards the agn to be given to JGL in since 


we have (E®~42'y=J^P. Hen^ 


Consequently 


P (K*-49)’ (K=-4g)5 

ir I? ’ 


4o2 


4 
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posative, or to speak more strictly non-negative, we have 

G= JK^+ 8IX®- 2PLK*--.72JPK-. 432D+PI; (^). , 

It is evident that G must be identical to a positive numerical factor pfcs with the 
function which M. Heemite denotes by P(*®). 


(®®) It will be observed that when J=0 and LsssO, G vanish^. This is easily verifiable djpnori ; for wb® 
Js=0 and L=:0, the reduced form has been seen to be of which die canonizaat m 


a 0 0 0 

0 0 0 « 

0 0 e 0 

wiiioh equals aeoey^. 

Hence the form and its canonizant have a common factor or, and consequently their resultent vanish^ ; 
hence I—O and G=P=0. G also vanishes when K=0 and L=0, which is also eadly verifiable; for then 
the reduced form becomes of which the canonizant vanishes, and consequently the resnltmit of the form 

and its canonizant becomes intensely zero ; which accounts for the high power of K in (IK"*), the sole term of 
G in which L does not appear. 

(36) (a) Compare expression for 16 1“, Cambridge and Dublin Journal, p. 203. This will be found to contain 
nine terms, and to rise as high as the fifth power in A (which to a constant factor prh$ is identicd, with my J); 
whereas in there are only six terms, and no power of J beyond the third. This seems to indicate that the 
K and L are more fortunately chosen thmi M. Hebmite’s J^, J,, which are invariants of the hhe degrees 8 and 
12. It is of course evident that the following relations exist between M. Hekmite’s Aj, Jj, J^ and the J, K, L 
of this paper, 

A=s=lJ, 

JjjSsmJ^ -f nK, 

J3«=pJH2JK+»*L, 


where ?, m, w, p, q, r are certain numerical quantities. Until these are ascertained, it is impossible to con- 
feont M. Heesote’s results with my own, to ascertain whether or not they are identical in substance, and, if 
not, wherein the difference consists. I therefore subjoin the necessary calculations for effecting this im^rtant 
object. 

Let us first take the form s^+^exy*-\-y^. The quadratic covariant of this is 

Accordingly, to obtain M. Hermixe’s A, D, C, C', D', A' (Cambridge and Dublin Journal, vol. ix. p. 179), we 
must make 

a?— X; dr-Py=s=Y, 

whidi gives (vide C, and D. J. p. 180) 

E=X» +5eX(Y-eX)^ + (Y- «X)" 


=(A, B, C, C', B', MJX, Yj^ 

wh^ 


Arrl+4^, Br=~3e^, B'=0, A'=l. 

Accordingly (vide C. and D. J. p. 184), 

AA'-3BB'+ 2GG=l+4e®- 4e*=l = Va, 


AA'+ BB'- 2CC'=1+4€*+ 4«*=1+ 8e*=n^3» 

Is V A 

AA'+ 5BB^ + 10CC'= 1 + 4e*-20e‘=l - 16e*= * 

2VA* 

A=l, I^=2-fl6/, 13=2-32^*. 

Again (vide C. and D. J. p. 186. § vii,), 

8J,=Ij- A®=1 -f 16«*, 24J,=I,-2I,A -f A®=: -1~64«* ; 
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(42) In fact M. Hermite’s octodecimal invariant is most simply obtained as the result- 
ant of the primitive quartic and its canonizant. Using the reduced forms for these two 


but Jj, J 3 are subsequently without warning (compare expressions for AA, BB', CC', pp. 186, 192) renamed 


A, J.: that 


8J,=1 + W, 24J3=:~1-64€*. 


The oorrt^nding values of J, K, L have been already calculated, and we have found 

J=l, K=:-2^, L=0. 


Hence 


A=l, |+2<!‘=B-2C«», 

Thus 

A=l, B=l. C=-l, D=-l, E=|. 


To find F, take another form convenient for the purpose, as 

Taking the emanant of this (a:, 0, dy^ dx, y'^, the quadratic covariant is obviously xy+^y^, so that 

J=l. 

Also its discriminant is 

10 0 d 

i 0 0 d 0 

0 d 0 1 

f --i/x yx^ —a-® 


viz. ^if—d{—da^'{‘y‘x)-=dPy^--difx^d’‘a^y 

of which the discriminant is 

<»-f d“-^. 

Hence by definition L=e— -^d^^+d*. 

Again, to find A, B, C, O', B', A', we must write 
a?4-3d^y=X, 


and we have then 


y=Y, 

(X-3dT)«-|-10d(X-3(FY)T:*+Y»=(A, B, C, C', B', A'JX, Y)*. 


Since J=1 and K is of the eighth order only in the coefficients, it is obvious that neither J® nor IK can contain 
a term involving In order therefore to find F, it will be sufficient to compare the coefficient of d*® in J 3 
and in L. 

Kow A=l, B=-3d', C=9dh C'=27d*+d, B'=81d«~12d®, A'=243d*«+90d»+l. 


Also A= J =1. Hence neglecting all but the terms which bring in cT®, 24 J 3 (p. 186, Memoir) is tant^onnt 
to L, and Ij (p. 186) is tmitemount to 


whidiis 


2(243t?“-5 . 3 . 81d»® + 10.9. 27d'®), 
12 x 243d« 


Hence in Jg the term containing d*® is 
Hmice — or Fs=~18. 
Hence we have, finally. 


A=J, 

J,=-.K+1J*, 

J 3 ==~ 18 L+|JE~^H; 
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Hiactions, 

rstuv(u+v), 


and conTer^lv, 


J=A, 

2 8 


Unhappily a further step is -wanting to bring M. HEKMiTE’g results to the final test of comparison ; for the 
value of AA' (p. 192) does not agree with that giren for AA' (p. 186) by simply changing into Jj, Jg 
respectively; a further change of A into 2A becomes necessary to make the ratios of A A', ,BB', C0 (p. 192} 
accord with the ratios of the same quantities at p. 186. Finally, even after making this change the cspr^cm 
for 161‘ (p. 203) does not accord (even to a constant coefficient with that with which it is meant to be 
identical, viz, I 6 I 3 (p. 187); so that after great labour I am still haffiicd in my attempt to ascertain the agree- 
ment or discrepancy of my conclusions with those of my precursor in the inquiry. As will appear hereafter, 
the two sete of conclusions are undoubtedly discrepant in form ; hut whether they are so in substance or not, or 
rather whether they are or not in contradiction to each other, requires a close examination to discover, the more 
especially because, as will hereafter be shown, there is a certain necessary element of indeterminatenese in the 
scheme of invariantive conditions which serve to fix the character of the roots. It is greatly to be lamented that 
so valuable a paper as 11. Hekhtte’s should be to some extent marred, in respect of the important end it would 
serve as a term of comparison, by the existence of these numerical and notational inaccuracies. I have spent 
hours upon hours in endeavouring to reconcile these several texts of the same memoir, and, after all my labour, 
the work is left unperformed without which the truth as between the two methods cannot be elicited. I feel, 
however, as confident of the correctness of my own conclusions as of the truth of any propc^tion in Eucfiid, 

(’^) It is worthy of notice that there is a failing case in M. Herhite^s process for finding F in terms of A, Jj, 
Jg, just as there is one in mine for finding G in terms of J, K, L, — the failure of the process, however, in neither 
case entailing any corresponding defect in the results obtained. The process employed in this mmnoir faila 
when LssO; for then the general form is superseded by the supplementary one, au^+5eut^-^fi^. 

M. Hesmite’s fails when J (the J of fh is memoir) =0 ; for then the quadratic invariant becomes a perfect square, 
and the substitution of its factors in place of the original variables becomes inadmissible, since the two former 
coincide. 

(®) It may he as well here to notice the form which M. Heemite’s two Unear covariants assume when 
referred to the canonical form above written. The quadratic covariaut being rsuv-{-stvw-\-trwu, if we operate 

witii the correlative of this obtained by writing in it ~ ? .i— ^ in lieu of m, v, w, viz. 

dv du du dv 


iJ: 

du dv du\du dv/ dv\du dv/ 

upon the primitive, we obtain to a factor the canonizant rstuvWf which has been already obtained ; repeating 
the process, it is e^y to see that the first linear covariant of the fifth degree in the coefficient assumes the sample 
form rst(stu-\-trv+rsw), or rst(fu-\‘(rv+ru<). Taking again the correlative of this, viz. 

yrfc du \c?tt dvjj 

and operating with it upon rsuv-\-stvw^t'rwu, it will be found without difficulty that the second linear covariant 
of the seventh degree in the coefficients becomes 

rs^{(cr — r)(<r + r — |;)u + (r — fX’' +f — o*)i’ + (f ~ tr)(f + <r— t)«»}, 
which is distinguishable in ^ecies from the former one by its symmetry being only of fee hemihedral kind. 

{/) It may not he out of place to notice here that the Hessian of fee canonical form will be found to be 
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their resultant in r^pect to t? is obviously 

(rstf(r-s){s-t){t-r){”), 

(®) Again, if we write 

u + cri; + ruj) = ^ 

-.T)(ff- + r >+ (r-^)(r ~ (r)£/ crX^ + <r -r)it-) = ^ , 
u+v+w =0, 

and firom these equations deduce the values of m, v,te, and substitute them in we shall obtain 

M. Hjsbmite’s “ forme-type ” expressed in terms of the parameters of the reduced form, and every coefficient 
&®’db will be invariantive. 

*nke resultent of the equations above written (on makiag ^=0, ?=0) will appear in the denominator of each 
Kieh coefficimit. Hence it appears, from M. HnaMiTE’s expressions (Camb. and BubL Math, voL ix, 

p, 193), whem J, wiU be seen to enter into the denominator of A, B, C, C', B', A', that this resultant to affietor 
is his Jj, Its value may easily be calculated, and will be found to be 

f (rr(f -H (T + t)® — 4(p + a- -b rX&<r + f r + ffT) + 9^<rr = JK + 9L. 

Accordingly as L (to use Dr. SaIxMOk’s convenient elliptical expression) is the condition of the failure of my 
gemral reduced form, so is 9L+ JK the condition of the failure of M. Heemitx’s “forme-type.” As particular 
eases of this last fmlure, we may suppose I =0, L=0, or K=0, L=0. In the former case the reduced form is 
of which the simplest quadratic and cubic eovariants are respectively ae.r®; a^y^x. Thus to find 

L, the first linear covariant, we have to operate upon ary\v with > which gives aVx; and to find L,, we 

have to operate on {aearf with ^ please (according to M. Heemhe’s meiffiod), with 

on aea^f showing that I^ vanishes, but Lj continues to subrnst. When, secondly, K=0, L=0, the reduced fonaa 
is and too canonusant disappears entirely, so that toe first, and consequently aW the second, licftar 

eovariants, each of them becomes a nvll. 

By aid of the reduced forms of the invariants J, E, L, I given in the text, it is easy to prove that every 
other invariant, say il of a quintic, is a rational integral function of these four. In what follows, let a paren- 
thesis enclosing the symbol of any invariant signify its value when any two of the quantities «, v, w in the 
reduced form fte*; [u+v-j-wz=.0] are taken as the independent variable. We have then 

(S)=f + r+'r—2^ir~-2tt^2orr, (K)=c(rrfy4-<r+r), (I)=cVV(g;— <r)((r— rXr— p), 

f, er, r meaning sf, tr, st. 

The d(^ee of O must be of the degree 4m or 4m +2. 1. Let it be of the form 4m. Then, since the in- 
terchange of any two of toe variables u, r, w must leave (O) unaltered, (11) will be unaltered by the interchange 
of any two of the letters r, s, t, and is consequently a symmetric function of cr, r, the roots of the equation 

y'+01zlQLB_(L^)=O. 

(L)^ (L) 

Hence 

F((JMK>,(L)) 

’ (L)«» 

F denoting a rational integral function-form of the quantities it affects. Consequently 

„_F(J,K, L) 

H^aoe cannot become infinite when L=:0, which merely implies that toe form reduces to 

(a, 0, 0, 0, e, I'X*, y)“, 

0=$(J, K, L), a rariond integral fonction of I, E, L. 

2. If toe degree O is of toe form 4m 2, (a) wiU be a Enaction of r, s, f, which changes its sign when m and v 
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and consequently, if we call I the resultant in respect to we have 
and 

(43) Thus we see that the two quantities G, I®, which are both rational integral 
functions of the degree 36 in the coefficients of F(^, y), cannot one vanish without the 
other, at all events when L is not equal to zero. This is sufficient to show that they are 
identical to a numerical factor whatever L may be, zero or not zero(^), and con- 
sequently that the quantity called G, proved to be positive upon the supposition of L 
not being zero, must also remain positive when L is zero, because it is in fact the square 
of a rational function of the coefficients. But we may also prove this independently 
by virtue of the supplementary reduced form au^ -\-heuv^’-\~fv^ applicable to the case of 
L zero. 

For when L=0, G becomes JK^; so that the condition “G not negative” implies 
simply that J is positive unless K vanishes. 

Now the canonizant, when it does not vanish, i. e. when e is not zero, contains as 
a factor, and, its coefficients being real, u, v are both of them necessarily real functions 
of a;, y. Consequently J, which by definition is — 4 X discriminant of quadratic cova- 
riant, becomes —4/:^^^®X discriminant of au(eu~^/v) in respect to u, v, which jtt 

being real. Consequently J is positive, since the reality of v implies that of «, e, fy 
when e is not zero. When e is zero Uy v may be either real or imaginary ; for may 
be real whether zi, v be real or conjugate imaginary functions of nc, y \ but in that case 
K, which is found by operating twice upon the Hessian wdth a canonizant turned into an 
operator, vanishes, since then all the coefficients of the canonizant vanish (^®}. Hence 
the rule that G cannot be negative is seen to be true, whatever L may be. 


or any two of its quantities v, ?</, are interchanged, such interchange having the effect of introducing as a 
mnitiplier the 5(2mq-l)th power of the determinant of substitution (—1). Hence (fi) is of the form 

f|;— {r)(<r— T)(r— ir, r), i. e. 5j , T) , 

which again is of the form 

(I)^(.T), (X), (L)) 

(L)2m-8 

so that Q is of the form 

K, L) 

Xi^-8 

Hence since, as before, cannot become infinite when L=:0, and since, furthermore, I does not vanish (for if 
so then G, which is F, would vanish) when L=0, must be of the form I$(J, K, L). Q,. E. D. 

( 3 ») For if Q'=KF for an indefinite number of systems of values of a, h, c, cl, e, f, of which Q, I are rational 
integral functions, Q,* and KF must be absolutely identical ; this of course is the ca^ when and KI®, as proved 
in the text, are known to be identical for all values of a, b, e, cl, e, f which do not m^e L zero. 

(®*) (*) In the more general form au'-j-5euv*-\-fif, taking ^=1. The canonizant is ae^v^i this squared and 
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It may be said that the case of three or more equal roots existing in F {x, y) has been 


turned into an operator becomes ’ which, applied to the Hessian, viz. 3rteitV“-f a/aV— after 

multaplying by — gi^'cs K=--2aV, so that D=J'— I28K=«y^+256aV, which is capable qf eafsy verifi- 
cation. In fact D becomes the resultant of a-u^-^ev* and v\4£u-{-fv); introduces the factor into D; and 
further, making w; v : : — /: 4e and substituting in au^-f wc obtain the other factor a/^-t-256e\ 

If we adopt u^-\-5euv^-^v* as the reduced form for the faUmg case (a form analogous to the well-known one, 

K 

for the general quartic), to find e we have 1=^*", K=— 2ju^e*. Hence e®= — thus when 

K=:0, d=0. 

By a linear transformation we may always take away any two (except the two first or last) coefficients of 
a given qnintic, but the vanishing of more than two coefficients always corresponds to some invariantive con- 
dition. Thus, ex. gr., in the form 



L=0 



L=0 

K=0 

aaf-j-oexg* 

L=0 

J=0 

ax^-i-KJdarg^ 

II 

O 

K=:0 

oaf 4- 56.r^y + lOcx'g- 

O 

II 

J=0 


(®) The condition for the existence of four equal roots in a quintic is the vanishing of the quadratic covaiiant ; 
that is to say, we must have 

ae— 4Sd-f 3c®=0, af—3de-i‘2cd=0, 5/— 4ce-i-3d-=0. 


The three quantities equated to zero are not separately invariants, but constitute in their eyisemble an invarian- 
tive plexus. 

(“) [It may here be noticed incidentallj that the conditions for equal roots in the biquadratic form are 
as follows. For two equal roots, of course, the discriminant is zero, for three equal roots the two lowest in- 
variants are each zero, and for two pairs of equal roots the Hessian ^A, B, C, D, y)* becomes to a factor 
pr^ identical with the primitive {a,h, c,d, e'^x, y)'*, so that all the first minors of the matrix 

I a, 6, c, d, e, f | 

I A, B, C, U, E, F I 


vanish. Qvuere, whether the character of the five-rayed pencil (centre at origin), in which a, A; i, B; <r, C; 
D ; E mark points, may not serve to distinguish between the case of four real and four imaginary roote. j 
(^) When 1=0 and K=0, but not L— U, it is obvious that f : v ; t ; ; 1 ; t : r, i being any imaginary cube rootof 
unit}', and the reduced form is + with the relation t<4*v + «;=0. 

J and K being zero, D will be so too, and accoi-dingly the equation w®4-<o®-j-tW=0 will have two equal 
roots. It will easily be found that these equal roots correspond to the system of ratios w=l, v—.’% iv=i. 
In fact, if we write w=l-f w=»4-r^, the equation becomes + 

Hence, understanding by e either of the two prime sixth roots of unity, the complete system of ratios of it, v, w 
may bo expressed as follows : — 


«:=:1 
M = 1 

« =:1- ^10 
t£f=:l+ ^lOgS 


r=r 

t?=i* 

v—s*-ir ^lOs 


w=zi 

ty=< 

w=^t—r V 10 

«,■ = £-— ■^lO. 


Thus, when J=ss0 and KssO, u, v, w (with the relation w+vq-tt>=0) may first be[fouiid, in terms of x, g, by 
MDa'CLXIT. 4 P 
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mB 


lost sight of; but we kaow, aad it is capable of immediate verification by taking as the 


solving ttie cubic equation, obtained by equating to zero the canonizant of ^a, b, c, d, ■y'j, and tihea ^ 

will be known from tbe above system of values for any two of the quantiti^ ti, v, w. 

It is obvior® that the form ax^+dary^ gives J s^O and K=sO ; but it seems desirable to prove the coaverae, 
■fiz. that when J=seO and K=0, but not L=0,the form is always redumble to aw* + lO^wV, which mayb^doi^ 
as follows. Since J=0 and K=0 the diseiiminant is zero, and we may assume 


^d we have J = discriminant of 
Hence 


P = oar® q- 5hx*y -f- -f 10^/^“^®, 

( --4M + 3r2)^ + 2.*f?£i5 + 

3<r>(3<r'-4?^)-<^cf^=0 


d emnot be mro, for then we should have J aaO, Ka=0, L=0, contrary to hypothesis. Hmiee 8c®--12M5* 0* 


2f^ 

If 6=0 and e=0, F is already reduced to the desired form; but if not, d — — , and F becomes 

36 






or, making 

F=af® + 10 as was to be shown. 


Gary 


. 12r . 8(^ A 

+X^^'+F-V’ 


56 

*6^ 


>-», . 4 -. 


The corresponding converses for the case of J=0, L=0, and of K—O, L=0 have been already establisbed. 

(®) It will be observed that under a certain point of view L for binary quiuties is the analogue of A the dkeri^- 
minant for binary quarties, the condition of failure in the general reduced form in the two cases being L=s 0 
and Aa=0 respectively. The mere vanishing of the discriminant in the case of the quintic function, unattended 
by any other condition, does not affect the nature of the reduced form. 

(**) It has been shown previously in the text that when L=0 the primitive is reducible to the form 


(a, 0, 0, 0, e, y)®. 

Hence if I^j is any duodecimal invariant which vanishes when 6=0, c:=0, c6=0, 1,^ must vanish whenever L 
vanishes, and consequently, since L is of as high a degree as I^^, Ij^ must be a numerical multiple of L, In 
Mr. Cailey’s Third Memoir on Quintics, “ No. 29 ” represents a duodecimal invariant calculated by M. FaI 
EE Bnrxo, and characterized morphologically by Mr. Cayley as being that duodecimal invariant in which “ the 
leading coefficient a does not rise above the fourth degree.’^ On e 3 a,minmg No. 29 it will be found to contain 
no term m which b, c, <6 are all simultaneously absent. Hence, it is, by virtue of the above observation, a mul- 
tiple of my L : to determine the numerical factor, let all the coefficients in the primitive except «, d be supposed 
zero j then the canonizant becomes 


a 0 0 d 

0 0 d 0 

0 t? 0 0 

— y”a? yar* —a^ 


=:(Pf+a(Pa^. 


Hen*^ L becomes — 27aVP, but “No. 29” becomes 27a^^^. Hence we have the important relation 
“ No. 29” = —L, so that No. 29 is a discriminant, an intrimk property of the calculated invariant, which, I 
believe, was not suspected. 

f ) It will at once be recognized that “ No. 19 ” given in Mr. Cayley’s Second Memoir upon Quanti(» is iden- 
tical with the J of this memdr, whence it follows from Mr. Cayley’s equation (No. 26)=(No. 19)®— 1152 
No. 26, that K=9 (No. 25). Thus abstraction made of a mere numerical factor, Mr, Cayley and myself agree 
upon perfectly distinct grounds in recognizing K and L as the true simplest invariants of their respective 
degrees, an accordance as satisfactory as it was unexpected, and which must be considered as setting at rest the 
question of what shfi^ be d^m^^ the, m to say, sta^U invariants of tke Binary Quiatie. 
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redu<^d form that on such hypothesis all the invariants J, K, I. 

must vanish, so that JK^ is still non-negative (“). ^ 

(44) It is most important to notice that G can only become zero by virtue of two of 
the quantities § , (r, r, and therefore of r, s, t becoming equal. When u, v are imaginary, 
it is the <x)efficients r, s which must become equal, as otherwise the reduced form would 
not be a real function of y. By equating r to s, and using as an auxiliary variable 

the ratio — or j, we shall be able to study the composition and inward nature of G with 
the utmost clearness and facility. 


SECTiOJir II . — On the Cnteria which decide the Xiimher of Beal and Imaginary Boots. 

(45) Since in the preceding section we have supposed that % v are always real linear 
functions of y, it is obvious that the character of the roots of the given quintic in y 
is completely identical with that of the roots in the reduced form, and it has been shown 
that only one reduced form corresponds to a given system of values of J, D, L(*^). 

Let us suppose J, D, L to be taken as coordinates of a point in space ; when J, D, L 
are so related that the condition G non-negative is satisfied, the point will correspond 
to an equation with real coefficients, and may be termed a facultative point. But 
when G is negative it will correspond to an equation of the kind alluded to in the 
recent section of this paper, and there called conjugate : such a point may be termed 
non-facultative. Thus the whole of space wiU be divided into two parts, separated by 
the surface G=0, which may be termed respectively facultative and non-facultative (as 
being made up of facultative or non-facultative points (*^) ). It is clear that these two 
portions will be exactly equal, similar, and symmetrical vnth regard to the axis of D ; 
by which I mean that, if two points be taken in any line perpendicular to the axis of D 
at equal distances from that axis, one will be facultative and the other non-facultative, 
as is evident from the fact that when J, L become — J, — L (K, and therefore D or 
P— 128K, remaining unaltered), G is converted into — G. Thus by a semirevolution 


(40) iorm. is (nt^+deuv*-^fif so that L=0, the canonizant, as has been i^en before, is aeVw; tiie 

rmultaat of these two is Again, J=za-f', K= ■— 2aV; thus the square of the resultant 

BO that if we call this resultant, which we may take as the definition of the Octodecimal Invariant I, we have 
G=16P. 

(■*’) It should be well noticed that the mere ratios ^ ^ do not suffice to determine the character of the roots. 

When these ratios are given, it is true that the ratios r, s, ^ in the reduced form are given, but according ^ L 
is positive or negative, the arguments «, i; in tuT (supposing w; to be the real Linear ihnction of x, y) 

win be real or imaginary. When J, L, D are all given absolutely j then the character of the roots is complete^ 

K L 

det®radned. The mdeldde marks of a quintic tiinction are three in number, viz. the ratios — , and the sign 
of L or I, as for a quartic function they axe two in numb^, via. — and the sign of s. 

It win also be convenient to call the coordinates J, D, L corresponding to any facultative point a facul- 
tative rfstem of invariant, and ^ corresponding to the same (for a yiven sign of J) a facultative system crif 
invmantive ratios. 


4p2 
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rotmd the axis of I) the facultative and non-facultative portions may be made to exchan^ 
places. 

(46) The axis of D il^elf lies on the surface of G, and like every other portion of this 

surface is facultative, for there is no reason for disallowing G to become zero. Con- 
versely, instead of a real equation, we take one of the conjugate class (described in* 
the second section), the whole of the facultative portion of space (except the separating 
surface G) becomes non-facultative, and the non-facultative part becomes facultative, 
but G itself remains facultative. When the invariants, or any of them, become imagi- 
nary, we are put out of space altogether, and the system can belong neither to a real 
nor to a conjugate family, but to one with coefficients at the same time im^nary and 
non-conjugate. G=0(^^), it may be remarked, will in all cases be the condition of 
an equation capable of linear transformation into one of recurrent (^^) form; for the 
reduced form then in general becomes The case when G becomes 

zero by virtue of J=0 and L=0, that is to say when the function is reducible by real 
or imaginai 7 linear substitutions (see footnote (^) (^)) to the form u{u*+v^), is the 
one which might for a moment be supposed to offer an exception to the rule ; but only 
the exception is only apparent, since on writing v='p^q, becomes 

16 (,p+qWf+f)- 

(47) To every point in space, it has been remarked, will correspond one particular 
family of equations all of the same character as regards the number they contain of 
real or imaginary roots, because capable of being derived from one another by real 
linear substitutions, such family consisting of an infinite number of ordinary or con- 
jugate equations according as the point is facultative or non-facultative ; but it may be 
well to notice that, conversely, every point does not correspond to a distinct family. In 
fact every point in the curves D=pJ\ L=-qP{p, q being constants) will denote a curve 
divided into two branches by the origin of coordinates, one of which will be facultative 
and the other non-facultative ; but in each separate branch every point will represent 
the very same family. Any such separate branch may be termed an isomorphic line ; 
and we see that the whole of space may be conceived as permeated by and made up of 
such lines radiating out from the origin in all directions. 

(48) The origin at which J=0, D=0, L=0, as already noticed, corresponds to the 
case of three equal roots. The theorem that, wffien more than half as many roots are 
equal to each other as there are units in the degree of any binary form, all the inva- 
riants vanish, was remarked by myself originally in the very infancy of the subject, 
before Mr. Cayley’s paper, alluded to by M. Hermite, appeared in Crelle. The method 
of proof which then occurred to me is the simplest that can be given. For instance, in 

(^) I shall hereafter allude to the surface denoted hy G=0 under the name of the Amphi^nous Surface, 
as being the locus of the points which give birth to real and conju^te forms indifferently. 

{**) The roots of recurring equations, geometrically represented, in general go in quadruplets, A, A' ; B, 
where A and B, as also AJ, B', are mutual optical images of each other in respect to a fixed line, and A, A', as 
also B, B', are electrical images of each other in respect to a circle of which ftie fixed line is a diameter — with 
liberty, of conme, for the images taken in either mode of combination to coalesce so as to reduce the quadruplet 
to a simple pair. 
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the case before us, if the quintic have three equal roots, we may reduce it to the form 

03? + hloi^y 

Suppose now, if possible, an invariant of the degree m ; the weight of each term therein, 
^y in respect io x ox y would be the same ^viz. so that we should have 
5r+4s+3i'=^=s+2<, or 5sH-3«+)f=0, 

and therefore f=0, s=0, ^=0, m=0. So for a sextic with three equal roots reduced 
to the form («, h, c, 0, 0, yf. Supposing any term in one of its invariants to be 
we should have 

6r+5s-h4^=^=54-2^, or 6r-f-4s+2#=0, 

which is absurd, unless r=0, s=0, #=0, ')n=0, and so in general for a binary form of 
any degree. If in the above example for the degree m only three roots were equal 
inter se (the form assumed being (<z, c, d, 0, 0, 0%x\ yf^ any term in a supposed inva- 
riant being aJ‘h*c*d^^ where we should have 


4- 5s -f 4^ + 8»i = §+ 2t ■+■ 3 , 

and, as before, 

Gr-h4s-i-2^=0, r=0, s=0, t=0; 
no longer, however, w=0, but m=w, which is left undetermined. 

(49) Before proceeding further it will be proper to consider under what circumstances 
a variation (in the coefficients of any equation) arbitrary, except that the coefficients ai*e 
to remain real, can affect the character of the roots. 

Let F(a?)=0 be any algebraical equation with real coefficients, and let S(F^) be the 
variation of F due to the variation of the coefficients, £?F(a^) the variation due to the 
change of x into If, now, r be a root of Fa^=0, and r-f dr the corresponding 

root of F(a:)-h^I’(^)=^j we have 

Fr=0, F(r+dr)+^F(r)=0, or 5F(r)+|;F(r)dr+-L(|~] Fr(dr)^+&c.=0. 
Hence, unless = i- unless there are two equal roots r, we shall have 
— a real quantity; so that the character of the root r-j-dr will be the 


same as that of r. 
But if 


dF 

dr 


.0, ... ©-F= 

eing an 

(dr);4- 


0 , 


m that there are i roots r, i being any integer greater than zero, then to find dr we 
have the equation 

n(t)8Fr 


(ih> 


Thtis dr will have i distinct values ; of these, if i is odd, all but one will be imaginary, 
but if i is even they will be ail imaginary, or only all but two im^inary and the remain* 
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ing two Teal, according as the sign of 5F{f ) is the same as or the contraiy to that of 
F(r j. Accordingly, if r is real and i even, the nature of the ensemble of the i 

roots r-\-dr will not be the same when ^F(r) is positive as when SF(r) is negative. 

(50) So, further, if F^= 0 have 2m equal roots r, 2n equal roots 5, and so on, the deduced 
corresponding groups of roots in F(a')-f BF(^}=0 will, or may at least each of them, 
undergo a change of character to the extent of one pair of the r group changing their 
nature with the sign of SF(r), one pair of the s group changing their nature with the 
fRg n of ^F(s), and so on ; but in no case, except F(a’) possess some equal roots (i e. 
unless its discriminant be zero) , can an infinitesimal variation in the constants affect the 
character of the roots {^®). 

(51) To every facultative point corresponds a certain set of values of J, D, L; and when 

these are given, it has been shown that the equation (a, 5, c, d, yj is reducible to 

the form ne-\-sv^-\~tw^, where or to the form where 

A j —w-{-iv —w—iv 

and u^■=z — ^ — 2 — ’ 

or to the form w being always real linear functions of r, with 

the sole exception that when J=0, K=0, L=0, the reduced form is 

au^-\-bhu*v + 1 Oct^V. 

When these three invariants are not all zero, the coefficients in the reduced form r, 5 , t 
or u, f are known functions of J, D, L, and the character of the roots is perfectly deter- 
minate; so that to every facultative point corresponds an infinite family of equations 
with real linear coefficients all deducible from each other by real linear substitutions. 
Thus then, with the sole exception of the origin, every facultative point corresponds to 
a determinate character of equation, \iz. to an equation with four, or two, or no imagi- 
nary roots ; so that by a bold figure of speech we may be permitted to speak of every 
point but one in facultative space having a determinate quality, as masculine, feminine, 
or neuter. The origin alone is exempt from this law, and may be considered to be of 
epicene gender, since the factor may have its roots real or imaginary. 

As we travel continuously from point to point in the facultative portion of space we 
pass from family to family, or, if we please, fi-om an individual of one family to an indi- 
vidual of another family, differing from the former individual by an infinitesimal varia- 
tion of the constants. 

('*“) T, althoTig-h supposed to be one of a group of equal roots, is not necmarihj real, for it may belong to a 
factor (a?® + 2e cos 9 -f- (Fy, 

(*®) Compare this statement with the corresponding one given by M. Heemite, Camb. and Lnb. Journal, vol. ix, 
p. 204, where only one parameter is supposed to undergo a change. I think that greater breadth and at the 
same time greater precision and clearness are gained by the mode of exposition employed in the text above. It 
will be observed that for a change of character to be pcwsible when the function passes through a phase of equal 
roots, it is not enough that there shall exist a group of equal roots r, but there must be au even number of 
such roots iu the group, and, furthermore, the equal roots must be m?; when this last supposition is not 
saff^ed, no change in the character of dr will affed; the character of r-fdr t an instructive' exempHfieation of 
will occur in the sequel. . • . 
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(52) If, then, we insulate any portion of facultative space, and in the block so insulated 
it is possible to pass from one point to any other — that is to say, if we can draw a C(m^ 
Umwm curve of any sort from one point to another without passing out of the block, and 
without cnitting or touching the plane D=0, then by virtue of the principle just laid 
down, we see that all the points in such block have the same character, and the nature 
of the rcKjts will be the same in the infinite number of families, each containing an 
infinite number of indiriduals which the points in that block severally represent. Now 
imagine a block taken so extensive as to admit of no further augmentation, except 
accompanied with a violation of the condition of the capability of free cornmnnication 
between point and point without cutting or touching the snrfece D ; such a block may 
be termed a region^ and the whole of facultative space will be capable of subdivirion 
into a certain number of these regions. This being supposed effected, the character of 
each region will be known when we know the character of a single point in it ; that is 
to say, every region will have a determinate character of positive, negative, or neuter. 
It will presently be shown that the number of suph regions is only three (the least 
number it could be to meet the three cases of four, two, or no imaginary roots), one 
masculine, one feminine, one neuter ; and consequently there will be but three cases to 
consider when the invariantive coordinates J, D, L are given ; according as J, D, L 
belong to one or the other of these three regions, the equation to which they belong 
will have all its roots real, or only one real, or three real and two imaginary. The 
origin, it need hardly be added, constitutes a region j^er se^ in which, so to say, the 
characters of masculine and feminine are blended. 

(53) Let it be observed that we can see ap'iori that, were it not for the distinction 
between facultative and noii-facultative portions of space, it would be impossible for 
each point corresponding to a given system of invariants to possess an unequivocal 
character ; for in such case there would necessarily be free continuous communication 
possible between all the points on each side of D inter sc, and consequently we should 
be landed in the absurdity of conceiving the general equation of the fifth degree not 
to admit of division into cases of four, two, or no imaginary roots ; D being negative, 
we know, would imply two roots, and not more than two, being imaginary ; and accord- 
ingly D positive would imply either that four roots are imaginary or none — ^not sometimes 
one and sometimes the other, but in all cases alike four imaginary, to the exclusion of the 
supposition of the roots being all real, or else of all the roots being real and never four 
imaginary. Thus we see that the mere fact of a given system of invariants communi- 
cating a definite character to the roots, implies the necessity of the invariants exercising 
a restraining action over each other’s limits, and that where this restraint does not exist 
it is imposrible that the character of the roots can be determined by the values of the 
invariants. 

It is dear from the definition, tiiat a region can only be bounded by G the amphigenous surface, and D 
the plane of the discriminant ; and granted (as wflZ he shown hereafter) that G and D touch each other in only 
on© caatinuous Hue, it becomes obvious d priori that fliere can be but two regions on one side of D and a single 
region on the other, , 
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(54) This is precisely what happens in biquadratic equations. In such we know the 
fundamental invariants s, or, if we please, t, A (where are perfectly inde- 

pendent and subject to no equation of condition ; so that if we consider A as the 
coordinates of points in a plane, the whole of the plane will be made up of facultative 
points. When A is negative, i. e. for representative points lying on one side of the line 
A, it is true we know that there is just one pair of imaginary roots constituting what 
may be termed the neuter case ; but when the representative points lie on the other side 
of this plane, they cannot be said to be either masculine or feminine, but will every one 
of them possess that epicene character which is peculiar to the origin alone in the case 
of quintic forms. A single example will make this clear. 

Take the two reduced forms 

where u, v are real linear functions of .r, and conjugate imaginary ones of the 
same ; and suppose 5, the quadiinvariant in respect to j/, to be the same for both forms. 
For greater convenience of computation consider s to be infinitesimal. 

Then in the one case the t is of the same sign as 

(l+.)(l-(H-8)“),i.e. -2£, 
and in the other the t is of the contrary sign to 

_(!_,)»), i.e. 2e, 

so that t is of the same sign (\iz. negative) in each case. 

Again, in the two cases respectively 

t ,2 


Hence t as well as 5, and consequently t and A are alike for both forms. 

But in the one first written the roots are of the same nature as those of 
i. e. are all impossible, and in the other of the same nature as in 


(— ) +H-^) (“) +(“) =°’ 


where v are real linear functions of y and ?=\/ —1, in which case the roots are 
all possible. Thus we see that the very same values of t, A may correspond either to 
the case of four real or four imaginary roots, showing that the point f, A is what we 
have termed epicene. If we choose to take s, t as the coordinates, the same remarks 
would apply, except that A instead of a straight line would become a semicubical para- 
bola. All the points on one side of this curve would have a definite neuter character, 
but those on the opposite side woxdd be neither masculine nor feminine, but epicene. 

(55) With a view to its subsequent distribution into regions, I now proceed to ascertain 
the form of that moiety of space which I have termed facultative. 
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Let P=jK, J*=fL. Then 

G_l, 8 2 72 432 , 1, D_, 128 

We may for the moment make abstraction of the section of G made by the plane of L; 
that being done, and J, K, L being referred to the form ru^-\-sv^-\-tyf or 
calling M, and, as before, using tf, r to denote st, tr^ rs^ we have 
+ J — 2§r — 2(rr), 

K = M“§<rr(§ 

4;L = MY(rV. 


Now when G=0, we may suppose e = 
We have then 


=-=$-{- i, 0 being a new auxiliary variable. 


±J=M(r^~-V) =:MgrS, 
K=Myr(2|+r)=: 


1 + 


fl + 4/ 


4:L=MYr^ 


=lVPgV 


and consequently 


$+4 


» =^=S‘+45’, 

1a 


a+6 




(56) In general we have 45®— *'=0. 

By a well-known corollarj^ to Descartes’s rule this equation can never have more 
than two real roots ; when v is positive there will always be two real roots of opposite 
signs ; but when y is negative and inferior to a certain negative limit, all the roots become 
imaginary. When v lies between zero and that limit, two roots of 5 will be real and 
both negative. To find that limit we may make 45®-|-125®=0, or 5= — 3, which ^ves 
.=81-108=-27. 

(57) WhenD=0, j=g=128,i. e. 9’+«=-128S-768=0, or (9+8)“(6-12)=0 ; 


so that the roots of 5, when D=:0, are —8, — 8, 12, and the corresponding values of v 
are 2“, 2‘\ 2^'’27. 

If now we make 5*-{-45®=2’\ one of the real values of 5 we know is —8, and the 
other will be the real root of the cubic equation 5®— 45^4'S25— 256=0. 

When 5=5, the left-hand side of the equation =125-|-160— 100— 256= — 71. 

When 5 = 6, the left-hand side of the equation =216-|-192 — 144— 256= 8. 

Hence the real root lies between 5 and 6, and g lies between ^ and Thus 
^<30 and ~=1— is negative. 

Agmn, if we take 5^-}-'i^®=27*2'®, and take out the root 5=12, the resulting cubic 
becomes 

S®-|-165®+1925+2304= 0, 

where it will easily be seen the real root lies between —12 and — 16. 

M0CCCL5IV. 4 q 
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When5==:-.12, 


and when 5 =—16, 


*!-f6=144x|= 


f=266x^^=307i. 


Moreover, when is a maximum or minimum, it will readily be found that 
; so that 5=— 3, or S=— 8. Hence for the value of ^ found from the 

above cubic $^<192 and^=l— 

(58) When J=0, j^=0; and when L=0, i»=:co . 

For these two cases it will be more simple to dispense with the auxiliary variable and 
to revert to the original equation between J, K, L. 

Accordingly, when J=0, we find 8LK^— 432L^=0. Hence 

L=0, orK>=54L”, i. e. V=54L’: 

’ ’ Vi 28 / 

so that the complete section of G made by the coordinate plane J becomes a straight 
line, viz, the axis of D, and a semicubical parabola whose axis is the negative part of D. 
When J is very nearly zero, v becomes a positive or negative infinitesimal in the equa- 
tion ^' + 45®=:p. 

One real root of this equation is . 

The other is — 4-l-§, where (4(— 4)®-j-12(— 4)®)S=i', 


, RS /e-f . ,,, (9 + 6)^ 

1 , 2 — ($ + 4 ) ^ "(9 + 4 )’ 

The first value of ^ gives K^=54L^ to an infinitesimal ; the other value gives 


or, to an infinitesimal frk, 


K‘=-—V, 


\ 128 j “ V ^ ’ 


SO that D passes from to — 00 , i. e. ^ passes through 


(59) In the annexed figure(^), the plane of the paper repre- n — — n 
sents the plane of B, i. e. the plane for which B=0 ; JOJ is 
the axis of J, OJ being the positive and OJ the negative / 1 

direction ; LOL is the axis of L, OL being the positive £tnd ^ + 1 ^ ® 

OL the negative direction. In order to avoid any appearance j 

of an attempt at a practicably impossible accuracy of drawing, I use straight hnes to 

(^) I shall refer, when I have occasiOTi to do so, to this figure, which contains a synopsis of the whole theory, 
under the uEune of the Dial figure. 
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denote cubical parabolas, and pay no attention whatever to relative magnitudes, but only 
to the order or progression of magnitudes, using the lines which are drawn in the figure 
not as C€fies but as »^mhoU of the actual curves which are to be mentaUy imagined. 

Thus ttie hue JOJ is used to represent the straight line L=:0 ; A O the cubical 
parabola P= 27 *2^®L; AOA the cubical parabola P=2’^L; HOn the cubicd parabola 

P=:-27Ln. 

It will be observed that certain combinations of zero^ minus^ positive and nega- 
tive infinity are placed along the lines and inside the sectorial spaces. The meaning of 
these will be sufficiently obvious from what has preceded. They refer to the signs of 
the two values of D in the suiface G for each point in the line or sector along or within 

which they are placed. At every point along the line OJ, 5 has only one value, and that 
positive ; along A^OA’, ^ has two values, one positive and the other zero. Along AOA, 

^ has two values, one positive the other negative. Immediately below LOL two values, 

one 4" other finite and negative. Immediately above LOL two values, one —• <x, 

the other finite and negati^'e. Along IlOn one value, finite and negative. 

Moreover D has been shown to be never zero, except along A'OA, AOA. Hence it is 
obvious that imide A'OJ and the opposite sector D has two values, both inside the 
next pairs of opposite sectors two values, one ;plus^ the other minus ; inside the next 
pair of sectors also two values, one plus, the other minus ; inside the next pair of sectors 
two values both minus^ and in the pair of sectors left vacant, for which i»<— -27, it 
has been shown that D becomes impossible. 

(“'*) It has been shown in tho preceding artielcB that corresponding to the line JOJ and to the line nOEf, 
the Tertical ordinate B of the amphigenous surface (G=0) has only one yaluo positive for the former, negative 
for the latter ; along the line A'O A' two values, one positive the other negative ; for the space between AOA', 
LOL indefinitely near to the latter two values, one positively infinite, the other negative ; and for the space 
indefinitely near to the same on the opposite of it, two values, one negatively infinite, the other negative. These 
results are collected and represented symbolically in the Table annexed. 

J A' A L n 

+ 0 (+ CO) A 

0 ~ oo) 

Thus, corresponding to the upper sheet of G, we have the succession 

+ + 0 (+'») — 

and to the lower sheet 

+ 0 — — (~ QO) — 

the two sheets coming together at a cuspidal edge above JOJ and below nOII. 

Moreover these are the only p<mtion8 of the Kne revolving in the plane of D conesponding to whirfi a change 
in the nature of D can teke place, and thus we can without fiirther examinodon fill up the Table, ^ving the 
nature of B for the intervening and may thus obtein the Table embodied in the dial~Jigm% above, viz., 

I A' A LB 

+ + -h 0 + (+oo)- - 

"^.4. 0 -.(»-») - 

4q2 
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(60) Thus it will be seen that the surface G consists of two opposite portions pred^ly 
similar and sy^nmetrical in respect to the axis of B. 

Let us trace that oAe of these whose ground-plan is comprised within the sector HOJ. 
It will consist of two sheets coming to a cuspidal edge (a common parabola) in the 
superior part of the plane of L. The upper sheet will touch the plane of D in 
and, remaining above the plane of B, approach continually to the plane of J as an 
asymptotic plane. The lower sheet will cut the plane of B in OA', pass under the 
plane of B, cut the plane of J, progress to a maximum distance from it, and then 
approach indefinitely to J as its asymptotic plane. This will become apparent by 
taking a vertical section of this portion, cutting the lines OL, OJ ; for the nature 
of the flow of the two branches of the section will evidently be as figured below, 
where/, X, X', I, r represent the points in which the lines OJ, OA^, OA, OL, Ofl are cut 
by the secant plane. [It should be particularly 
noticed that this figure is only intended to exhibit, 
under its most general aspect, the nature of the 
flow of the two branches of the curve ; it is drawn 
in other respects almost at random, and makes 
no pretension whatever to giving a representation 
of the actual form of the curve.] 

No part of the surface G lies under or above the 
sector nOJ, except the axis of B. The cusp C, 
where the two branches meet, is the intersection of 
the cutting plane with the parabola J=B* lying in 
the plane of L, and there will be another cusp at f, 
the point of maximum recession from the plane of J. 

(61) I now proceed to discriminate, by aid of 
this surface, the facultative from the non-facul- 
tative portion of space. 

If in the expression for G as a function of J, K, L we substitute for K its value 

•— we obtain G= terms invoLdng only lower powers of B ; so that, 

128 128 ^ 128 ) 

calling Bi, Ba the two real values of B in the upper and lower sheets of G respectively 
corresponding to any point J, L, 

G=J(D-BJ(B-Ba)Q, 

Q being a quantity essentially positive. 

Hence when J is negative the facultative points in any line parallel to B will be 
those for which B lies between Bj, B,, but when J is positive, the facultetive points 
must be exterior to the segment BiB^; I denote this difference in the figure by placing 
a colon between the signs in each sector for which J is positive, indicating thereby that 
the facultative points lie between -f oo and B^, and between B^ and — oo ; but where no 

(®®) For tbe value of D for this sheet is zero all along OA, and ptmtive on either side of it* 
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colon is interposed, then it is to be understood that the facultative points lie between Dj 
and Dg. Thnsy if we turn back for a moment to the section of G last drawn, the whole 
of the space included between the two branches and the asymptote is facultative, because 
up to the asymptote J is negative, and beyond the asymptote the whole of the space 
not included between the asymptote and the lower branch is facultative, because beyond 
the asymptote J becomes positive. Thus, then, we see that the whole of that portion of 
the plane which lies on the left-hand side of the entire curve is facultative, and the 
portion on the right-hand side of the same non-facultative ; the curve separating facul- 
tative fi*om non-facultative space as a coast-line, indefinitely extended, separates land 
from water ; so that there is, as of course we might have anticipated, no break of conti- 
nuity in passing through the plane J. 

If we take a corresponding section of the opposite portion of space corresponding to 
the ground-plan J LII, it is obvious that precisely the contrary takes place, because the 
sign of J is opposite in the opposite sectors ; so that what was facultative becomes non- 
facultative, and rice versa. 

(62) It is now clear that the whole of the facultative part of space is divided into 
three, and only three of the regions previously defined. One region will consist of that 
portion of it which is entirely under the plane of D : the second region will be so much 
of the upper portion as stands upon the acute sector JOA ; and the third of so much of 
the remainder of this portion as stands on the sector AOJJOn(^^). Again, as regards 
the second region, the line OA' is quite inoperative against its unity, because we have 
vertical ordinates above O A' through w'hich free communication can take place between 
the blocks over J 0 A' and A'OA ; but when we come to 0 A, wkere G touches the plane 
of D, there we have an eifective line of demarcation between the adjoining blocks above 
the plane of D ; for it is impossible to pass from one into the other without going under 
D and coming up again through that plane, or else descending to the line OA and so 
meeting the plane of D (^^). 

It wiU be borne m mind that the whole of the infinite prism, both above and below, standing on IlOJ 
belongs Oi facultative space: the prism standing on the opposite section JOn, or, to speak more strictly, on the 
hmde of this last-named sector, is wholly nnfacultative. The facultative line B which passes through 0 is com- 
pletely isolated from the facultative portion which stands over AOJ, except at the point 0 (which we are for- 
bidden to pass through if we would remain in the same region), and is of course a rectilinear edge to the facul- 
tative prism above referred to. 

P®) Two superior regions we know d priori must exist to correspond respectively to the two cases of five and 
of one real root. Moreover we know d priori that two regions can only meet on the plane of B, and an inspec- 
tion of the dial-figure shows that only OA can he such hne. Thus without completely making out the geometry 
of the question as regards the remarkable line (J=0, L=0) (the axis of B) which hes on the surface G, we may 
feel assured that the upper part of this line (which is easily found to belong to the 1 -real-root region) cannot 
have any point except the oiigin in common with the 5-real-roots region, since otherwise these two regions 
would communicate along this line and merge into one. When it is considered that G is a surface of the ninth 
Older in J, B, L, it will not appear surprising that some difficulty arises in forming a mental conception of cer- 
tain of ite local properties ; on the contrary, the subject of wonder rather is that enough cmi be Mcertained about 
it in a very brief compass to shed ^ the needful %ht upon the analytical problem which it illustrates. 
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(63) It remains only to fix the characters of the several regions; hut this requires 
no calculation to effect, for we know that when D is negative there is one and only one 
pair of imaginary roots. This disposes of the first of the regions above enumerated. 
Again, we know that when L is positive so that the reduced form is the superfine 
equation ttj v, w being real functions, D being also positive, there 

must be four im^inaiy roots, as follows from the theory of the ^cond section. Hence 
the third region has for its character two pairs of imaginary roots ; and consequently 
the only remaining region, the second described, must correspond to the (me of no 
imaginary roots, since otherwise we should be absurdly ^suming the impossibility in 
any case of a quintic equation having all its roots real. 

(04) It may, however, be an additional satisfaction to see how the change of character 
comes to pass at the critical line OA from one to five real roots. 

Along the line OA we have found that, calling the reduced form 

'•=* i=^7=7=^+4=-4. 

Hence the equation becomes 

iu^+^+(u,+v,y=o, 

Uj, being of the form — because L is negative. 

Hence or 

i. e. 5wJ-|-10w*ir*-j-v]‘=0, 
i. e. (Mj+i^^)=0; 

so that there are tw^o pairs of equal roots of viz.^/ ; to these values of ^ correspond 

u—iv u—iv 

u-j-tv 

Hence 

(l—()w= (/—!)», or (l-|-/)w=(/+l)i!; 

so that the two pairs of equal roots of ^ are +1, the outstanding root corresponding to 
being ^=0. 

Now, still keeping upon the surface G, which we know is facultative, let & become 
— 8-l-4g, where g is an infinitesimal, then 

=Si-=(4^>+12^’)J«= -6120 j ; 

also the supposed equation becomes 

(4— 4e)«+®?)+(«;+®,)‘=0, 
or 

^ (/»-«)•-{, »+t«)H8(l+sK=0; 

or, calling -=§, 

0?-l)’-(<f+l)‘+8(l+E)=0. 
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Jjet f where ff is an mfinitesimaL Hence 

(_10(+(-l)“+10(±(+l/y-8s=0, 

or 

20 ( 1 - 10 + 5 ^- 86 = 0 , 

or i 

^=10 ( l )* 

Hence calling ffj, the two values of o', the four roots that at OA were 1, 1, —1, —1 
become l+tTi, l+^r^, — l+o-^, — l+o-gi when becomes varied by ^ ( jj )» conse- 

quently become all real if jj is increased, and all imaginary if jj is decreased, i. e. be- 
come real or imaginary according as the line OA sways towards or away fi*om OJ, con- 
formably with what has been shown on other grounds. 

It will be noticed that in the line OA produced in the opposite direction, i. e. along 
the line OA, L being positive, tlie reduced form is 


^ 

and the roots of - become -= — 1, -= +/, -= +; ; so that, according to the canon laid 

down at the commencement of this discussion (see foot-note (^^)), no change in the cha- 
racter of the roots can possibly take place along O A, and accordingly we have seen that 
this curved line does not correspond to any demarcation of regions. 

(65) It is easy to express the conditions to be satisfied by the coordinates of a point 
according as it lies in one or another of the three regions which have now been mapped 
out, and it is clear that we have the following rule : 

When D is negative the equation has tw^o imaginary roots. 

"V^Tien D is positive the equation has ?io imaginary' roots, provided the two criteria J and 
2“L— J® are both negative (^); but if either of these is zero or positive, there are two 
pairs of imaginary roots (^). 

The duodecimal criterion-invariant, 2"L— J*, and the invariants of the like order, 
27'2^®L— — 2TL— I shall henceforth call A, A’, II respectively. It has been just 
above shown that the three invariants J, D, A of the 4th, 8th, and 12th orders re- 
spectively are sufficient for ascertaining the character of the roots of the quintic to 
which they appertain. 


(“) Obser?© that tHs implies L also being negative ; so that 2“- 


positive and 


Observe that in general when 2”L— J is zero there are no facultative points above the plane of D, hut 
when J and 2'T — J, and consequently L and J are both simultaneously zero, a facultative right line springs 
into existence, viz. the axis of D extending both above and below the plane of D. The reduced form of equa- 
tion (as previously demonstiated) eomsponding to this siagular line is u’+vv*~0, 

(**) It may ftirther he noticed that on each, side of the line OA the limits of D are between positive infinity 
and a positive quantity, and between negative infinity and a negative quantity ; so that as we pass from OA to 
either ride of it no facultative point can he found lying in the plane of D, showing that we cannot pass by a 
real infinitesimal variation of coefficients from an equation with two pairs of equal imaginary roots to an equa- 
tion with a ringle pair of equal roots, as is apparent also on purely analytical grounds. 
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(66) The assertion that the whole of facultative space is divisible into three regions, in 
strictness requires a slight modification. It is obvious that the plane of D itself cannot 
be said to belong to any of the regions ; and in order to make our theory quite complete, 
so as to furnish criteria applicable to equations ha\ing equal roots, and to enable us to 
distinguish between the case of the unequal roots being all three real, or two imaginary 
and one real, we must examine what takes place in this plane, and under what circum- 
stances a passage from one point of it to another will or may be accompanied with a 
change of chai'acter in the roots. 

If the roots of/(.r)=:0 are supposed to be a, a, c, dy e, where c, d, e are unequal, 
on varying the constants of fa in such a manner that the variation of the discrimi- 
nant D is zeiu, the two equal roots a, a will remain equal. Now m gemral we have 

if this, under the particular supposition made, continued to obtain, 

da would have two distinct values, and the two equal roots would cease to continue to 
be equal, contrary to hypothesis. Hence we see that D=0, SD=0 necessarily implies 
y(fl)=0(^), and consequently lf{a-\-da) is no longer Ifay but Ifada; so that we obtain 

da=0, or and no change of character in the five roots results. If, however, 

the original roots are a, c, c, e, then, as shown in the general case, Sc will have two 
distinct values, which will be both real or both imaginary. Accordingly we see that in 


(“)(*) Tliis is a somewhat curious theorem (whether new or otherwise J know not) thus incidentally established 
in the text, viz. that if D(/) represent the discriminant off, and if D(/)=0 and JI)(/)=0, then when /=0wc 
must have 5(/)=0. The very simplest example that can he chosen will serve to illustrate this proposition. Let 
f=ax-^2krij-^cif. 

Suppose 


and also 


^D(/)=aJr4-c^a — 

we have 

/ ) = arS a -f 2xy§ b + ifSc. 


Kow if/==0 we may write x—h, y:=—a, and J/ becomes 
¥$a-2aJjSb + a^Sc 
z=:bHa~ 2aUh +2a655— acoa 


=(6* — ac)Ja=0, 

according to the theorem. 

If we make/=(.r, 1)", D we know becomes a syzygetic function of / and /'^meaning by the latter Hence 

since vanishes when/a'=0, D=0, and 5 /(a’)z= 0, we loam that 6(D) is a syzygetic function of {f'f, §f). 
The theorem thus stated easily admits of extension to the higher variations of D, and so extended takes I 
believe the following form : 

^»(D)= a syzygetic function of 

(^) Professor CATLirr has since informed me that the theorem in (*®) (®), about whose oi%inality I was in doubt, 
will be found in Schlapli’s * De EHminatione.’ This is not the first unconscious plagiarism I have been guilty of 
towards this eminent mmi, whose friendship I am proud to claim, A much more glaring case occurs in a note 
by me in the ^ Comptes Rendus,’ on the twenty-seven straight lines of cubic surfaces, where I believe I have 
followed (like one walking in his sl^p), down to the very nomenclature and notation, tiie substance of a por- 
tion of a paper inserted by Schlapii in the ‘ Mathematical Journal,’ which bears my name as one of the editors 
upon its face ! 
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the plane of D no change can possibly take place except in crossing the line which 
corresponds to a family of two pairs of equal roots. 

(67) It has already been pointed out, in a foot-note, that we cannot pass facultatively 
from O A to either side of this curve line. Hence the separation of the plane of D into 
subregions can only take place along the line OA, and it remains but to asoertain the 
character of the points on either side of this line, which we know, therefore, a primi^ 
must possess opposite characters, since otherwise we should be admitting the absurd 
proposition of its being impossible to construct an equation of the fifth degree having 
two equal roots without the remaining three being always of om character, either all 
real or all not real. Let us, then, ascertain the character of the points in OJ for which 
D=:0, L=0, and J is positive (^). 

Since L=0, the reduced form is 

This equation, by Descartes’s rule, must contain imaginary roots. Hence in the sector 
AO J the roots are all real, and in the remainder of the facultative portion of the plane 
(from which it may be noticed the sector AOJ is excluded) two of the roots are imagi- 
nary. 

Along OA itself there are, as already observed, two pairs of real equal roots, and 
along OA two pairs of imaginary equal roots. Thus, finally, we have the complete rale. 

If D is negative, 2 roots imaginary. 

If D is positive. 

When J, A are both negative, 0 roots imaginary. 

„ J, A are not both negative, 4 roots imaginaiy’. 

If D is zero. 


vv hen J, A are 


a, IX. aic uuwi luiitt'iii.ai y . t. 

T A Jt I, i-U X- O ^ 

J, A are Twt both negative, 2 roots imaginary J ^ 

J is negative, A zero, 0 roots imaginary! ^ „ 

T * .... f 2 pairs of equal roots. 

J IS positive, A zero, 4 roots imaginary J ^ 

J is zero, A zero, 3 equal roots (^^'®). 


Thus we see that our space referred to an arbitrary origin, and with the invariants 
J, D, A for the coordinates, has been first dhided into facultative and non-facultative 
space. The former has then been resolved prismatically into two regions above and one 
below the plane of D. The plane of D itself, or the facultative part of it, into two 


(56) could not take J negative, for the facultative points of D in J are two positive quantities. See dial 
figure. 

(56 bi*) y^qjen D=0, A=0, there are two pairs of equal roots. If J is negative these pairs are both real. If 
J is positive they are both imaginary. 'Wh.en J is zero there are no longer two pairs, hut a single triad of equal 
roots, Tliis perfectly e:£plain8 what at first sight has the air of a paradox, viz. that the discrimination between 
the two kinds of double eqirality of au apparently equal order of generahty that may subsist between the roots 
of an equation, depends on the fulfilment or failure of an algebraical equality. The fact is, as shown above, 
that fiiere are not, as commonly supposed, two, hut three kinds of double equality, according as there are two 
ptdiB of real, two pairs of imaginary, or one triad of equal roots ; and the last is a sort of transition case between 
the o&er two. 

4 R 
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planar regions on apposite sides of the line AO A ; and again this line into two linear 
regions on either side of the origin O, which last corresponds to the case of three equal 
roots, and constitutes a region or microcosm in itself. 

(68) It may as well be noticed here that the ambiguity of character in the pointe 

representing the different families of biquadratic forms when t and D are taken as the 
coordinates (and the same would be true if s and D were employed), which prevails 
when these points lie above the line D=0, equally obtains along this Hue itself. For 
the reduced form, when D^O, is In that case, calling the detm> 

minant of transformation |M., we have D= — ; and thus, whatever b and 

D may be, the character of the unequal roots is left undecided. 

It may also be noticed that the blending of characters at the origm for the quintic 
form is not precisely of the same nature as that for the points above the line D in 
the biquadratic form ; for at these points it is the cases of 4 and 0 imaginaries which 
become undistinguishable invariantively ; whereas at the origin for quintic^ the re- 
duced form becomes and the characters left undistinguished are 

those of 4 and of 2 imaginary roots — unless, indeed, we consider equal real roots as 
belonging indifferently to the class of real and imaginary ; on which supposition all the 
three genders (so to say), mainline, feminine, and neuter, become blended together at 
that point. But if we consider equal real roots as exclusively of the real class, then the 
origin for qiiartics ceases to be epicene ; for when there are three equal roots aU of them 
must be real. Thus the origin in quintics is the only epicene point, and in quartics 
the only non-epicene point — ^understanding by epicene the blending of the masculine 
(4 imaginary roots) and feminine {no maginary roots) characters. 

(69) We may draw some further important . inferences from an inspection of the 
“ dial figure,” or the section of facultative space which follows it. 

Within the prism JO A' (®^) it wBl be observed D is always positive (''^). Hence, when 
J is negative and M is negative, all the roots mast be real, and the necessity for using 
the criterion D is done away with. 

Again, when J and L are both negative, D is always negative, so that just two of the roots 
must be imaginary ; and in this case also it becomes unnecessary to apply the criterion B, 

Again, since there is no facultative prism corresponding to HOJ, the combination 
of L and B, both negative, can never occur unless H is negative. 

When L is negative, but J not negative, there may be two or four imaginary roots, 
according to the sign of B ; but all the roots cannot be real. 

(70) M. Heemite’s rule is as follows. For remarks on the relation between his A, 
J,, J, and the J, K, L of this paper, see foot-note (^). B is still the discriminant 

If B is negative (of course) two roots are imaginary. 

If B is positive. 

(57) which 1 mean within the facoltafive piism of which JOA^ is the section made by plane of H. 

(“) The Tertical secti<m of facnliafive space in this supposition (see figure) is tim area which lies whoEf 

above the plane of D. 
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When AisnegatiTe,25A*~3.2^®J3 n^ative and Jg positive, no roots are imaging, 

A is negative, 25A®— 3.2“J3 positive, 25A®— 2^‘J3 negative, no roots are imaginary. 

A is positive, . four roots are imaginary. 

A is negative, 25A^— 3.2‘®J3 positive, 25A®— 2“J3 positive, four roots are imagi- 
nary (®®). ' 

(71) What is the effect of the condition A. positive or negative,^' as the case may 
bel or rather, how does this condition arise'? The ground of it is simply this, that A=0 
represents a cylindrical surface passing through the curve OA (see dial figure), which 
curve is the edge of separation between two regions of opposite characters above the 
plane of D ; the cylinder in question cuts the facultative position of space below the 
plane of D, but above this plane (except along the vertical line J=0, L— 0, i. e. the 
axis of D) it passes exclusively through non-facultative space, never again cutting or 
meeting the surface G (the facultative boundary). Now it is clear that any sur&ce 
whatever which passes through OA and never meets the surface G above the plane 
I)=0, except along the axis of D (?. e. the line J=0, L=0), may be substituted for 
A(®®) and will serve equally well with A to distinguish between the masculine and femi- 
nine regions of space. A— ^ JD will fulfil the condition of passing through the line OA, 

(**) (*) The last four conditions ought to'taHy (and be in effect coextensiye) with the two given by me for 
the case of D positive. The third of them, viz. the case of D positive A pc^itive, I have ab^dy noticed, as 
inferences from the dial figure ; for M. A, if not identical with my J, is at all events a positive mul- 

tiple of it. I do not see how the case of A ne^tive, 25A^— 3.2*®J3 negative vdth D positive, is met by this 
system of criteria, since J 3 , as well as A, may be negative consistently with the second condition. I have not 
been able to ascertain whether in the memoir such a combination is shown to be impossible. M. Hebmiee 
admits, and indeed has been always aware of, the existence of a lacuna in the conditions above stated, which, I 
understand from him, it is his intention at some future time to fill up, and thus to complete his original solution. 
In the meanwhile he has been led to study the question from a different point of view, and has succeeded in 
obtaining a new set of criteria adequate to a complete solution of the question without calling in the aid of the 
principle of continuity. In this new system my A criterion is replaced by an invariant of the twenty-fourth 
degree, which is of couree an objection as far as it goes, but in no wise diminishes the extraordinary interest 
that attaches to this altered mode of approaching the qn^tion, which bears to his original method and my own 
the same relation as the proof of Stvem’s theorem by the law of inertia for quadratic forms beara to that given 
by Stuem himself. 

('*) It is apparent from the fact that when D=:0, G (M. Heemite’s P) becomes (25 a®— 3.2^^J,)(25A®— 2 ^q 3 )* 
(Camb. mA Dub. Journal, vol. ix. p. 206), that the factors of this product are respectively of the form aA'+dJD, 
cA+riD, a, h, c, e being certain numerical quantities. This gives rise to a singular reflection, to mi, that my 
own criteria for the case of D positive may be varied by the addition of a term ADJ to A (A being a numerical 
coefficient), provided A lies within certain Umits, the form of the criteria in all other respects remaining nn- 
changed. This proposition, fraught with the most important consequences, and not nniikelj to lead to ^ 
entire revolution in the mode of attacking the general problem of criteria, I proceed to establish in the text. 

(*®) The surface to be employed will he A — f JD, whidi <»11 M. A and il (or at least their upper portions above 
the |dane of D) may then be regarded as the two sides of a sadt, of infinite dhnenBions, open at the top, and 
seamed together at tiie bottom, along the curved line D=0, A=0, and in the vertical direction along the 
straight Hne J=0, L=0. The surfeoe A serving as a screen of separation between the two upj^ re^ons, it is 
dear that M will serve equally well m such screen, provided no superior facultative points lie in the interitar 
of the sack. 


4e2 
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whose equation is A=:0, D=0, and obviously is the only invariant not exceeding the 
twelfth order capable of so doing; it only remains to ascertain within what limits the 
numerical coefficient must be taken so as to fulfil the condition that the combined equa- 
tions A~gJD=:0, G=0 shall be incapable of being satisfied by any positive value of D. 

(72) Substituting for A and D their values, the equation to be combined with G=0 
becomes 

P„2»L+^J(P-128K)=:0. 

Returning to the notation of art. (55), and dividing by JK, this equation, whenG=0, 
becomes 

2-2"?+Ki?-128)=0, 


or 

(l-|-f)5'j' — 2"^=128g'y, 


which, substituting for y in terms of gives 




~128^^(H4), 


(« + 8)((fl“-4S’+ 329-256)+(a»- 96S)g) =0. 

When ^-{-S=0, D=0, see art. (57); neglecting, then, this factor, the condition to be 
satisfied is that when from the equation 

(a+4)3“((9»-4S*+32S-256)e+(5’-4«*-9Gfl))=0 
a value of $ has been deduced, the values of D corresponding thereto shall not be a 
positive finite quantity. 

(73) Now 

D__- 128(^ + 6) 93^4^2_]28(5 + 6) (5 + 8)2(9-12) 

j2— ^ 52(5 + 4} “• 52(5 + 4) ■” 62(5 + 4) ’ 


If 5=0, or 5+4=0, since D cannot be infinite, we have J=0, so that A— gJD be- 
comes identical with the original criterion A. Hence the factor (5+4)5* in the quantity 
just above equated to zero may be neglected, and the condition to be fulfilled by § is that 
if 5 be any root of the equation 

_53 + 452-325+256_ 

9^—452—965 


5 shall be between —4 and 12 ; this equation on making 5= —4^, so that 1>^> — 3, 
becomes 

^ _^3 + ^2 + 2(P + 4 

_1_ ?- + > 
or, writing ff = — ^ 

_ 2f + l 2^+1 

(f-2)^(^ + 3) ' 

(74) We wish to ascertain what values of o' will be incompatible with the violation of 
the limits just assigned to and accordingly we must inquire what is the range of values 
assumed by ff when <p>l or (p< — 3 ; any values of tr not included within this rmage will 
be admissible for the purpose in view. 
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When — 3, <r is always positive, and proceeds continuously from oo to 0 as ^ passes 
jErom — 3— g (g being infinitesimal) to — oo. Consequently o' must not be allowed to 
have any positive value. When <p=co, <r=0, and when ^=1, <r=— 

Hence, if no minimum value of o* (i. e. no maximum value of —o') occurs between 
^=1, ^=:co , O' may have any value between 0 and — f ; but if such a minimlim value, 
— M, where M >f, should exist, the admissible values of or would become more enlarged, 
and might be taken between 0 and — M. 

Making then So-zrrO, we have 

2 Sf-\-2p--e 

or 

4^'+b^"+2?)-6=:0; 
which, substituting for becomes 

4«4.^ + 17^|/*+24-vf.+5=0; 

so that there can be no real root of the equation in p greater than unity. 

Hence the admissible values of or are defined by the inequalities 0>ff> — 

j. e. I, or 0>— (14-g)>-3, or 2>g>— 1. 

(75) W^e have thus obtained the complete solution of the problem of assigning inva- 
riantive criteria, such that their signs (positive, negative, or zero) shall serve to fix the 
nature of the roots. These criteria we now see are 

J, D, A+f^JD, 

where ^ (the negative, it must be noticed, of §) is any numerical quantity intermediate 
between 1 and — 2(®^). 

(70) This important modification of the original criteria J, D, A I proceed to apply 
to the problem of obtaining the simplest and most symmetrical expression for the criteria 
in terms of the roots of the equation. Let «, 5, c, (?, e be the roots, and write 

or say 

(“) Strictly it has only been proved that the surface A-f /iJD, which passes through the line A, U, contains 
no superior facultative points except those comprised in the line 1=0, J=0. It is, I think, not difficult to see 
from this, that, if in the socle” formed between A and A-fftJD any such points were contained, L=:0, J=0, 
i. e. the axis of B would be a double or multiple line on the surface G, which is easily disproved by examining 

the algebraical form of G in art. 41, where K represents ■ ; any obscurity, however, which may be sup- 

posed to cling to this view is immaterial, as a demonstration capable of being followed in piano and leaving 
nothing to be desired in point of perspicuity, will be found in the Note appended to this Part. 

(®2) Agreeable to the meaning assigned to 5 and to a couple of rows of letters in my memoir on Syzygetic Be- 
lations, in file Philosophical Transitions. 
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Then, dace each letter occurs the same number of times (12) in each term, Z mil be an 
invariant. 

(77) Again, suppo^ any two roots to becmne equal, say that e becomes then Z 
reduces to the single term ^ (a, b, c)Q ^ for any such factor as ^(a, b, d) will be 

accompanied with the factor ^ which vanishes. 

If, further, we suppose any two of the letters a, b^ c to become equal, then Z disap- 
pears entirely, since on that supposition 5, c) vanishes. Hence Z is an invariant of 
the twelfth order, possessing the property of vanishing when the equation to which it 
belongs has two pairs of equal roots. Hence Z is of the form and it be- 

comes of importance to ascertain the inlue of the ratio |* 

To do this let us suppose c=0, a——b, c——d. 

The ten terms in Z correspond to the following ten partitions : — 


(1) 

(2) 

(3) 

(4) 

abc 

aid 

acd 

bed 

de 

ce 

be 

cue 


(5) 

(6) 



abe 

cde 



cd 

ah 


(7) 

(8) 

(9) 

(10) 

ace 

hde 

ade 

bee 

bd 

ac 

be 

ad 


(78) The corresponding values of the terms will be 

4cV(fl®~c®)®; {a—€f256a^cXa-{-cy; 

a^(f{a-- c)^256aV^ a^c^a+cf ; (« H-c)^256aV(«— cf ; {a*f c)®256flV(a— c)l 
Collecting and simplifying these terms, and observing that 

{a-^c)Xa+ey+{a‘{-cy{a^cy={a^—(f)[{a’\-cf-{-{a~^cf)=4c(^-^c*Xa*+li(f(f^(f^)^ 

we find 

+102^a^+(f){a*+Ua^(^+€*){a^^^^^ 

Let {a^-(fy=p, aV=i, and let Z,= Then 

Z,=16384/)j“+1024j)Y4-12%>’s'+^* 

=2“jp2’+2’>Y+2yj+2y. 
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(79) We must now calculate J, D, L: 


or writing 


I>=g 5 ?(«. e, -c, 0) 

=hiaV{a'—(i‘y ; 




Again, for J, The form to which it belongs is 

+ d^(?xy\ 
or 

(1,0,-^, 0," OIx,#; 
so that the coefficients of the biquadratic Emanant are 


- 10-5^’ — 10-^^' 


5 ^ 




Hence the quadratic covariant becomes 


20aV + 3(a2 + e2)2 ^ , 2, , , .x, , . 

= 100 ^(a’+e^Xa W- 

Hence, by definition, J (which = — 4x Discriminant of the Quadratic Covariant) 

T J 

fi fi4 fi 9® 


and making 


Finally, to calculate L The canonizant of the form 

1 0 A 0 

0 A 0 B 

A 0 B 0 

fl —xf; 3^y; — ^ 

is 

(A^-AB)^+(B»-.A^B)^, 
of which the discriminant is 
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where 

A B=— • 

10 5 

Hence, by definition; 

L=AB=(A’'-By = -j23^(a*+J”)(a‘i‘)((a“-J7-16a»S'); 

and making 

^/=- (?+cV’ 

( 80 ) Now let us write 

j^Z=oL+cJDO+£P- 

This gives 

+ 4$)Jf + »jL, 
or 

4j>*+ 12% ff + 1024jy + 16384^(?" 
= 125 ( 256 i)Y+ 24 /j)e+(i)+ 4 y)( 6 p+ 64 jy£+^(i>- 16 j)‘>f), 

by means of which identity we can obtain linear equations for finding the values of e, g, n- 
Thus, equating the coefficients ofp% respectively, we obtain 

4 = 216 f+|,,, 

, 4.64=e+^ii=0, 

which gives ?j= — 2 “s (as it ought to do), 

128=(24 X 125 )^-f (4 x 21 G +108 x 64 )£ + 64 2 “g 
= 3000 ^+ 8800 e. 

Hence 

- 1 oio 

200 £= 4 , e= 5 ^, 

3000 e= 128 - 176 =- 48 , e=-^i, and^=-|- 

In order to verify the value of let jp=— 4 , §^= 1 ; then, assuming the correctness of 
the above determinations, we ought to find 
4 =- 128 . 4 “+ 1024 . 16 + 16384 = 125 ( 256 . 16 - 24 . 04 ). ^+jL. 160000 . 
or 

2"'(l-8+16-64)=(-32.256+48.64)-^Xl60000, 

or 

2 ‘®(~ 55 )=- 5120 - 25 . 2048 = 2 ‘®(- 5 - 50 ), 

which is right. 

(®) Since Z has been proved to be of the form pA+jJD, we know d pnort the valne of 1 ; but I have 
thought it safer to determine s, independently, as an additional check upon the accuracy of the computaticms. 



AND IMAGINADY BOOTS OF EQUATIONS. 


661 


(81) Thus 

-Z=^°(2”L-P+ijD) 

=t(a+».- 

and accordingly we have proved that — Zis of the form (A4-f and consequently, 
since f lies within the allowed limits 1 and — 2, — Z may he used to replace A in the 
system of criteria. 

(82) On examining the composition of Z, it will be found to have a remarkable relation 
to the lower criterion J. 

J we know is, to a numerical factor fres^ of the form 
2{(d— 5, c)}, 

^ denoting, as usual, the squared product of the differences of the quantities which it 
affects ; and Z, it will readily be seen, is of the form 

(?(«, l, C, d, e)) ^^(a,b,c)(d-e)‘‘' 

and the squared factor is always positive whatever the roots may be, for J is always real. 
Hence the essential part of our rule thus transformed comes to this, that if 

b, c)x{d—ey) and c))"‘(d- 

are both of them positive, then when the discriminant is positive, so that the case of two 
of the five quantities a, 5, c, d, e being conjugate and the other three real is excluded, 
and the choice lies between supposing all or only one of them real, we are able to affirm 
that they will all be real. Nothing could be easier than to multiply tests expressed By 
simple symmetric functions of differences of the roots, any infringement of which would 
contradict the hypothesis of all the five letters denoting real quantities ; the difficulty 
consists in discovering a system of the least number that will suffice of decisive tests, 
such that not only their infringement shall contradict the hypothesis of imaginary roots, 
but whose fulfilment shall ensure the roots being all real. This is what has been proved 
to be effected by means of the invariants J, D, A-}-f JD. 

In the case before us it is clear that when the roots are all real, each of the sums 
above written must be positive and greater than zero. That their beii^ both positive and 
greater than zero is inconsistent with four of the letters a, c, cl, e being imaginary 
would probably not admit of an easy direct demonstration, 

Z we have seen is only a particular value of the general invariant A-j-^D, which 
may be called M, where ft is an arbitrary constant limited to he between 1 and —2. 

(83) It may be well to notice the effect of using as a crxterim, in conjunction with 
J and D, the value of M corresponding to ‘either extreme value of ft. In such case, 
supposing M to become zero, it might for a moment appear doubtful to which region 

MDCCCLXIV. 4 S 
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that point representing the family of forms is to be referred. But since the doubt can 
only arise when J is negative and D positive, and dnce by hypothesis we have A=:— /*JD, 
we see that A takes the sign of jU; ; and consequently the sign of M, when it becomes 
zero, is to be understood as following the sign of fs, L e. as positive when /it is 1 and 
negative when is -2. 

(84) The method above given for ascertaining the nature of the roots of a quintic 
involves the use of only three criteria. It may be inquired how many would become 
needful in applying Stuem’s method. In the case of a cubic equation only the last of 
the two Stunnian criteria comes into use ; and it seems therefore desirable to ascer- 
tain whether all four of the Stunnian criteria applicable to that case are required, or 
whether a smaller number are sufficient. I speak of four criteria, inasmuch as the lead- 
ing terms /r Q.ndf'x cannot be considered as such, their signs being fixed; so that we 
are at liberty to consider them both positive. Suppose all six Sturmian functions to be 
written down, including/^ (a function of w of the fifth degree) and/V, and let us cha- 
racterize by the index (r, s) any succession of signs of the leading coefficients which con- 
tain r continuations and s variations, and which therefore will correspond to the case of 
(r—s) roots. 

The total number of cases to be considered are the sixteen following : 


(5.0) 

( 4 . 1 ) 

(3.2) 

(2.3) 
( 1 , 4 ) 


+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 


+ + 
+ + 
+ + 
+ - 

+ + 
+ - 
+ - 
- + 


+ - 
- + 
- + 

- + 


+ + 
+ - 


- + 

+ + 

- + 

+ + 

+ + 

— + 

+ - 

+ - 

+ - 

— -j- 


the successions corresponding to the indices (2, 3), (1, 4) will become impossible, as 
corresponding to a negative number of real roots. An inspection of the deven cases 
corresponding to the indices (5, 0), (4, 1), (3, 2) will show that no tenmry combination 
of signs in the third, fourth, and sixth columns belongs to any^of the three characters 
(5, 0), (4, 1), (3, 2) exclusively, and con^uently all four signs must be used; and there- 
fore, if the method of Stubm is employed, four criteria are indispenmble for determining 
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effectually the character of the roots in an equation of the fifth degree (^) ; whereas in 
the symmetrical and invariantive method which I have employed three have been seen 
to suffice. 

In an equation of the seventh degree the case of 0 or 4 will be distinguishable from 
that of 2 or 6 imaginary roots by the sign of the discriminant, and then again the case 
oi 0 from that of 4, and of 2 from that of 6, by other invariantive criterion-systems. So 
for an equation of the ninth degree, the first separation wdl be that of the 0, 4, or 8 
c^se from that of 2 or 6 ; then it may be conjectured the 2 case will be invariantively 
separated from the 6, and the 0 or 8 from that of 4, and, finally, 0 and 8 from each 
other — ^the reduction of cases apparently depending upon the relation of the index of 
the equation to the powers of the number 2. This much we know (from art. 49) as 
matter of certainty, that no single criterion other than the discrimiaant can ever serve 
to distinguish one form of roots from another so that all other criteria must accom- 
pany each other in groups ; and accordingly the scheme of criteria established in the 
foregoing investigation is in kind the very simplest a priori conceivable. 


(64) (8) Pqj. equation of the nth degree there are 1 variable criteria, each capable of being -f or — , and 
thus ^ving rise to conceivable diveraities of combination. The actual number possible, however, is consider- 


ably less than this; and I find by an easy method that this number, when n is odd, is 2^-^-^- 


when n is even, is 


n(u-l) 


(°— ) 


and 


(”) Kot quite foreign to this subject is the inquiry as to the comparative probability of each different succes- 
sion or each different family of successions peesessing equivalent characters ; and, as connected therewith, the 
comparative probability of a certain specified number of the roots of an equation of a given degree being real 
and the remainder imaginary. In the simplest ease of a quadratic equation of which the coefficients are real 
but otherwise arbitrary, I find that upon the particular hypoth^is of the squares of the three coefficients being 

limited by one and the same quantity, the probability of the roots being imaginary is , or *3727932, 


a little less than I , this being the value of the integral 




but we are not at liberty to infer 

from this the value of the probability in question when the coefficients are left absolutely unlimited. A cai^ 
in point, as illustrating the effect of imposing a limit in questimis of this kind, clears in the probimn (which I 
raised in my lectures on Partitions) of finding the probability that four points plac^ at hazard in a plane will 
form the angles of a reentrant quadriiateTal, which Professor Catlev has shown is exactly i in the absence of 
any limit. Por if ABCB be the four points, and ABC the great^t of the four triangles of which they may be 
r^arded as the angular points, and if through A, B, C be drawn lines parallel to BC, CA, AB respectively, the 
triangle ajSy so formed will be four tim^ as great as ABC, and the point D must be somewhere within 
otherwise ABC would not be less than each of the three other triangles ABD, BCD, CAD ; and consequently, 

ABC 


since D must lie within ABC when the quadrilateral is reentrant, the probability in 




) i- 


Now it is easy to see, by uring the very same construction, that if any contour whatever be impeded as a limit 
upon the positions of the four points, the probability referred to will exceed ^ by a finite quantity — a imrlt 
somewhat paradoxical, since d priori one would have Empposed that the value of it for the case of no limit would 
be the mean of the values corresponding to the respective suppositions of cveiy possible form of limit. 


4s2 
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m the arUfrafy constant which apjoears in one of the criteria for distinguishing the 
case of four from that of no imaginary roots^ and on the curve whose coordinates ew^ 
jgress the limiting relaUons of all the octodecmal invariants of a Unary guintic, die, 

(85) The appeai’ance of an arbitrary constant in a criterion is a drcnmstance so unex- 
ampled and remarkable that I have thought it desirable to give a more complete, or at 
least a more palpable proof of the validity of the substitution of for A than 

that furnished in the foregoing text, where some indistinctness arises from the diffi- 
culty of raising up in the mind a clear conception of the form of the amphigenous 
surface, and the two portions of space which it separates. That difficulty is entirely 
obviated, and the theory rendered palpable to the senses by the following investigation, 
where the problem is so handled as to involve the contemplation of two dimensions only 
of space. We have in general 

D=P~128K, A=2048L~P, 
and at the amphigenous surface (see art. 57) 


Let 


Then 


K 5+6 L 1 
^“■{5+4)5*’ J3“~(5+4)58* 

y=j2’ 


3 ^= 1-128 


5 + 6 - 8^ + 12 _(f + 2)«{^~3) 


and consequently 


, , _2048 _ 8 ~(^ + 2)(^«~(p^ + 2f~4) . 

'■^"^(5+4)53”" + 


4(f + 2){4f + 3) 




8(4 y + 3 ) 


Sy_ j>" + 2f , 

2 • 


0 ?, y may he considered as the coordinates (inclined to each other at any angle) of a curve 
of the fourth order, whose form, so far as is essential to the object in view, I proceed to 
determine. It is obvious, furthermore, that this curve will be a section of the amphi- 
genous surface made by the plane 1=1. 

(86) This curve will be seen to consist of four branches, coming together in pairs or 
two cusps, so as to form two distinct homs(®^). For wffien ^=oo , or f = •— f , Sar will 

OO Since f+f-^=0, 

we sec at once, from Descaetes’s rulej that 0 can nerer have more than two real values to one of or eon- 

sequently of co, and consequently there can only be two values of y to each of x. 

(*’) "When J=0, the cusp of the left-hand hom and the two points of intersection of tlie dexter horn with 
the axis of L coincide at the origin ; the upper branch of the latter and the linear of the former become the 
lower and upper parts of the axis of D, whilst the lower and upper branches of the same i^pectively become 
the left and right-hand branches of the semicubical pai^bola 27.2® L®= — D®. 
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each of them be zero. Hence there is a cusp at the point where x— — 1, and 

again at the point where 

.rz= — — 7fiM. «=^i&^=-25. 


(87) When ^=0, and also when — 1, x and ^ each become infinite ; whenp=4;oo , 
X and y each become unity. 

As (p passes from -j- ^ to 0, ly is always negative, and x always positive ; so that there 
will be one branch of the curve (CMP in Plate XXV.) extending from 1 to 
^=-1"^ ? for •which y commences at ^=1, which cuts the axis of x when (p=3, i. e. 
0 ;=— 14(®'), and which, for the remaining part of its course, lies completely under the 
axis of x^ becoming infinite when x becomes indefinitely great. 

Again, as <p passes from — oo to — 1, remains always positive, but Sy is negative so 
long as ^<—2 vanishes when ^=2, and ever afterwards continues positive. Thus 
there is a second branch, COQ, which starts fr-om the cusp C, touches the axis of x at 
the origin, ever afterwards remaining positive, and increasing up to positive infinity. 

Since when ^=co , , the tangent at C is parallel to the axis of y, and conse- 


quently the two branches which start from C lie on the same side of the tangent, so 
that the cusp at this point is of the second or ramphoidal kind ; in Professor Cayley’s 
nomenclature a cusp-node, and equivalent to the union of a double point and a cusp 
of the first kind. 

There remains to account for the values of ^ in the interval between 0 and —1. 
Throughout this inter\’al y and x remain both of them negative, and ^=‘— (^•®®) 
is always positive. 

There will thus be two branches, in each of which x and y increase simultaneously 
in the negative direction, coming to a cusp necessarily of the fiirst kind at the point 
a;= — TGff, ^=—25, one branch corresponding to the values of <p from —f to 0, the 
other to the values of from — | to —1, both of them lying completely under the axis 
of and becoming respectively infinite at the extreme values of (p (0 and —1). 


'Where this branch cuts the axis of y we have ^^-{-2^— 4=0, of which the real root will be a trifle 
less than |. 

(67^ From this it is easily seen that, whatever may be supposed to be the inclination of the axes x, y, the 

. . . . ds 

curve in question is rectifiable by means of elliptic functions; for ^ will bo expressible as a rational function of 

^ and the square root of a quartic function of The same conclusion will hold for the curve obtained by 
making J constant when J, together with any invariant of the eighth and any of the twelfth order, are taken as 
Uie coordinates of the amphigenous surface. 

To ascertain which range of f gives the superior and which the inferior outline of the sinister horn, 
let f an infinitesimal; then and the other value of o is — 1 — tj, where ij=£^. Henee the two 

values of y corresponding to nearly zero and f nearly —1 respectively will be 

Thus y, is negative for s positive or negative, but y,^ is positive in the one case and negative in the other, as 



m 
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Again, 

2y-x+b=^^{(2<li’-2^^+2<p}+(<f^-<?'+2<p-i))+5 

=£^^( 3 ^”- 6 ^- 4 )+ 5 =?^=^. 

Hence when <p— —1, for which Talue oi (p x and y both become infinite, 2^— ;r+5=0; 
hence the straight line 2y— a:+5=:0, represented by AN in the diagram, will be an 
as3rinptote to the cuire f®). 

If now we draw the straight line 2^— 5r=0, represented by OB in the figure and join 
OC, the curvilinear triangle OCM will be completely under OC, and the cuirilinear 
infinite sector XOP completely under OB. 

(88) What we hav^ to prove is, that so long as (l lies between 2 and 1, so long may 
A-f be substituted as a criterion in lieu of A, it being remembered that A only 
plays the part of a criterion when D is positive and J is not positive. Hence, since when 
J=0 A-bpJD and A coincide, we have only to show that, so long as D is positive and 
J is n^ative, and A will bear the same sign for aU such values of J, D, L as 

constitute a facultative system, i, e. coordinates to a facultative point in space. 

Now at any facultative point G (the function of the amphigenous surface), or say 

lather G(J, K, L)>0, or i G^l, >0, and consequently considering p as 

the coordinates of a plane curve, the line G^l, ^ being fixed) 

will separate those points for which J, K, L constitute a facultative system from those 


already seen for the dexter horn. We see also that be(»n»s indeftnitelj gimter than yj, so that it is the 
value of f near to —1 which gives the inferior branch; and consequently the superior branch of the siaister 
horn belong to the range from — | to 0, and the inferior to the range from — f to — 1. 

(*®) It may further be noticed that each horn so called is a true horn, being destitute of any point of contrary 
flexure, except at infinity ; for otherwise we should have 


d^y __dtp dx 

dbir~~dx df 


dtX 


(? + !)= 


b(4|5+3) ' 


which implies ^ =0 or f = — 1, for each of which values of f a- and y become infinite. It will be seen hem- 
after that it m only for the value corresponding to ^=0 ttiat there does exist at infinity a point of infleidon. 

(^) The two points where the asymptote cuts the curve will be found by writing 


which gives 


-Ir. 


f+1 

l+i^5 
“ 2 


f — 1=0, 


The superior sign corresponds to a point w,ym the inferior branch of the dexter hom, and tee lower s^, for 
which to the superior branch of the sinister hom. It is e^y to see that there cam be no other asymptote; 

for X, y only become infinite when ^=—1, or f=0; so teat if is an asymptote, it must contem 

{<p -f- 1)", or as a factor. The first condition is only satisfied when X ; a : v : : —1:2:5; and the latter cannot 
be sa&fed at all. 
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m which K, L ccmstitute a hon-facultative one. But the curve above traced is obvi- 
ously a homographic derivative of that line (for G is the resultant of \ ^ 

h L„\ 

F“~-(6+4)9^;* 

Hence this latter curve will also separate systems of values of J, D, A corresponding 
to facultative horn those corresponding to non-facultative points. Moreover when J is 
negative and D positive, it has been shown (see dial figure) that the values of D (in 
facultative systems) corresponding to finite values of J are limited in magnitude ; hence, 
upon the same suppositions, facultative systems of J, D, A will correspond to the inte- 
rior and contour of the curve we have been considering. 

(89) Accordingly, since D is supposed positive, our sole concern will be with the 
curvilinear triangle CMO and the infinite sector QOX, and we have to show that for all 
points not exterior to those areas A and A-ffAJD have the same sign ; that is to say, 

or ~ is positive. 

When-^f and w have opposite signs (as is the case in the triangle CMO), all negative 
values of and when y and x have the same signs (as is the case in the sector XOQ)’ 

all positive values of fjt, obviously make 1 -f | positive. But furthermore which is 
—1 for the line OC, is greater than —1 for all points in the triangle just named; and 
again, which is ^ for OB (the parallel to the asymptote through 0), will be less than | 
for all points in the sector QOX. Thus, then, as regards points either in the triangle or 
in the sector, | is always intermediate between —1 and J; so that when lies between 
1 and --2, 1+p ~ ^'dll be always positive, and A and A-b/^JD wUl bear the same sign 0, 

so that A-h/W/JD may be used to replace A as a criterion. Q.E.D. 

(90) . It is apparent from the nature of the preceding demonstration that A may be 
replaced by an invariant containing not one merely, but an infinite number of arbitrary 
constants (limited), provided we are indifferent to the degree which the substitute for A 
may assume. To this end we have only to draw any algebraical curve F(a:, y)=0 passing 
through the origin, and with its parameter subject to such conditions of inequality as 
will ensure the mistilinear triangle and sector COM, XOQ lying on opposite sides of 
the curve. If its d^ree be n, the number of parameters in F left arbitrary within 

limits will be and 6F(A, JD), where e means one of the two quantities + 1 or «— 1, 

may be used as a criterion in lieu of A. For instance, a common parabola with its axis 
(^incident with that of w mid passing through O will obviously serve as a screen between 
these figures ; iti equation will be y*— «r=:0, and the invariant D^—JA, which is of the 
sixteenth degree in the coefiSciente, will serve together with J and D to fix the nature of 
the roots ; so in general we may obtain invariants of any degree of the form 4* from twelve 
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upwards. Thus M. Heemite, by a method not introducing the notion of continuity, has 
found one of the twenty-fourth degree, which he has been so obliging as to communi- 
cate to me, m. (D,-5AJa)^+(9D-26A’‘)JJ, where D, =1613+25 AJ^; and D is Ms 
discriminant, which I cannot safely attempt to express in terms of .r, y for want of 
a certain knowledge of the arithmetical relations between his A, J^, J, D, and my own 
J, K, L; but were tMs transformation effected, the curre so represented must, ex neces- 
sitate, pass clear between the triangle and sector above referred to, or else the invariant in 
question could not be a criterion. I have ascertained without difficulty that it passes 
through the origin and represents one of the principal species of NswTOJf’s diverging 
parabolas. 

(91) The curve which we have been discussing will, on reference to PLtiCKER’s ‘ Alge- 
braischen Curven,’ p. 193, be seen to belong to his sixteenth species of curves of the 
fourth order having two double points ; but as in reality one of these is tantamount to 
the union of two, it may be considered as having three, the maximum possible number 
of such points, and consequently comes under the operation of Clebsch’s rule, given in 
the last Number of Ceelle’s Journal, and accordingly its coordinates have been seen to 
be rational functions of a single variable. The equation connecting Xy y may of course 
be obtained by means of a simple and obvious substitution operated upon the G of 
art. 41, or it may be found directly by wTiting 

2f_+3 

whence we obtain 

p‘+f’-|=0, (1) 

2f+3f+’l=0 ( 2 ) 

Calling ^ 1^2 the two roots of equation (2), making 

and substituting the values of the symmetric functions of (p^ found from the same 
equation, we obtain without difficulty 

for the equation in question. The curve thus denoted I propose to call the Bicom. 
Its figure is given in Plate XXV., in which ^ are taken at right angles, but they may 
of course be supposed to be inclined at any angle whatever. If we now assume at 
pleasure any two new axes U, V in the place of the Bicom, the coordinates Uy v wiU be 
always respectively proportional to two invariants of the twelfth order of the given 
quintic, whose particular forms will depend upon the positions of the two new axes so 
taken. If one of these axes, say that of u, be made coincident with the axis of x wiU 
be proportional to JD, and u to some other invariant of the twelfth degree. When 



AND IM:A0INAEY eoots op equations. 


659 


this is the case, then in general v, as u travels from one end of infinity to the other, 
will sometimes have foni’, and sometimes two, or else sometimes two and sometimes no 
real values, as will be obvious by inspection of the figure. There is, however, one 
direction of the axis of v which will cause in all cases to have two, and only two real 
values. This direction is that of the line joining the two cusps. At the node-cusp, for 
which ^=co, |=:0, f}=0; at the other cusp, for which f, 

Hence the equation of the joining line is 9|— 8>7=0. Now ^=— | Hence 

along this line 9L-|- JK=0 ; and consequently, if the axis of v be taken parallel to this 
line and passing through the origin, whilst u is proportional to 9L-4' JK, v wHL be pro- 
portional to JD ; and thus we see that for every value of 9L+ JK, which is Heemite s 
Jg (see foot-note ('^)(^)), D at the amphigenous surface (i, e. when G=0, and therefore 
when Heemite’s 1=0) will always have two, and only two real values. This perfect!} 
agrees with M. Hermite’s conclusion ('^), and in an unexpected manner confirms the 
correctness of the concordance established, in the foot-note cited, between his Jg and 
my J, K, L. Had M. Hermite employed any duodecimal invariant whatever other 
than Jg, a mere inspection of the Bicorn show’^s that a similar conclusion could not have 
obtained. 

(92) The intersections of the curve whose equation is written in the preceding article 
with infinity evidently lie in the lines ^^=0, ^=0. This latter is the equation 

to a line parallel to the asymptote which touches the highest and lowest of the four 
branches of the curve, and corresponds to the value —1 of Thus we see that there 
is a point of inflexion corresponding to the point at infinity at which the second and 
third branches of the Bicorn may be conceived to unite. It is easy to show that the 
Bicorn has no double tangent ; for we have seen that 

(h 2 

and consequently the values of (p corresponding to the two supposed points of contact 
maybe regarded as the two roots fj, of the equation -|-2X=0, and we shall have 

_ 2 ^, __ /__2 

or 

4?..(-2)+4X+3(4-2x)+6(-2(4-4x)+(4-2a))=0, 

or 

{_8+4-6-h8~2)X-}-12-6-8+4=0, 

e. ^4x-f 2=0, x=i, ?)’-i-2^+l=9, 

and the two values of p coincide, contrary to hypothesis. 

It is also easy to find its class ; for when ^ corresponds to any point in which the 

(^9 Lemma 3, p. 203, Cambridge and Dublin Journal, voL is. 
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curre is met by a tangent drawn from the point whose j? coordinates are a, b, we have 



(^»+p»+*)+ 

but 

|=24_-(,.+2,); 

hence 


hence 




and p having fonr values, four tangents (real or imaginary) can be drawn to the Bicom 
from every point in its plane. It is thus of the fourth order, fourth cla^, po^esses a 
common cusp and a cusp-node, no double tangent, and one point of infiexion at infinity. 
These results accord with those given by PlIJceer (Algebraischen Curven, p. 222). 

(93) The canonical form of the equation to the Bicom is 8^ seen 

in Pluckee, p. 193, where j?=0, r=0, will obviously be the equations to the 
tangent at the node-cusp, to the tangent at the common cusp, and to the line of junction 
of the two cusps. This leads to a remarkable transformation of the invariant G of 
art. (41). Thus we may write _p=§, q—pb{9^—Sfi); and to find r, we must draw the 
tangent to the lower cusp, for which ^=— f, which gives 

u 256 32 dri 15, .g. 

? 27 ’ 3 ’ 

consequently we may write r=?i(144>j-- 1355+256), and then proceed to satisfy, by 
assigning suitable values to X, v, the identity 

(M144,|-135p+256S)+p.’(8,-9|)')'+f<,’K8,-9|)’ 

8,“^+86«if +16f - . 2“G. 

On performing the necessary calculations it will be found that 

1 1 —1 1 
^ — 2 ^®’ ^ 2 ®’ ^ — 2 *®* 

Hence we see that PG may be expressed under the form (LLj+cJy^+gUa, where L, 
is a new duodecimal invariant, and c, e are two known numbers ; in fact 
PG=(L(18JK+lS5L=-PL)+(JK+9L)*)H64L(JK+9Lf. 

I am indebted to my friend Dr. Hirst for these references to the immortal work of 
PLiiCKER. 

(94) The existence has been demonstrated of a linear asymptote which is a tai^ent 

I find, by a calculation wMcb offera no difficulty, that the value of f at the point where this tangent cuts 
the curve will be given by the equation 

-256f ^-256^+288^+432^+135=0 ,* 

and takii^ away the factor (4^+3)® which belongs to the cusp, there 'remains ? whidt corr^ponds to a 
point in the lower brandi of tiie st^perior ham. 
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at infinity to the first and fourth branch. A cubic asymptote touches the intermediate 
branches in the point at infinity corresponding to <p=0. For we have 






and writing v for — ij, 






Hence we may determine 


A, B, C, D so that shall =>^ 2 ;”+^/+ 


and I find 


B=-l, C=l, D=-?- 


3^ 6 72 9 

Thus the cubic asymptote will have for its equation 

(h|b+§) =^{§+^)’ 

which is a divergent cubic parabola with a conjugate point, \iz. the point for which 
.= -7, |+1®+|=0, or,=|, ^=-A. 

(95) It is obvious from the preceding article, that we may expand ^ in terms ofv by 
the descending series 

• • • • 

But we may also obtain an ascending series for | in terms of v which wlQ exhibit the 
nature of the curv*e of the cusp-node at which point ^= 00 . Let p—-i then 

( S ") ="’(2 • • •)• 




)> 

4-v/2»+5v72i.’'- 


), 

e* =<»‘{ 8»’+ 


). 



•). 

&c.=&c. 
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from which we may easily deduce 

. 5=2(1)- (;-)'+|©-f(|)Uc, 


in which it will be observed that the indices of the powers of v are precisely comple- 
mentary to those in the preceding expansion, the two series of indices together com- 
prising all multiples of J from positive to negative infinity. 

(96) We now see how, supposing the curve to be given with | and n at any angle, 
K L 

the axes corresponding to " may be defined: nz., the origin of coordinates will be at 
the cusp-node ; jj, along which - is reckoned, will be in the direction of the tangent at 


that point ; and g, along which — is reckoned, will be the axis of that common parabola 

which at the same point has the closest contact wfith the given curve. 

It seems desirable, with a view to a more complete comprehension of the form of the 
amphigenous surface, i. e. the limiting surface of invariantive parameters, to ascertain 
the nature of the systems of plane sections of it, parallel to each of the three coordi- 
nate planes. The sections parallel to J, which are cuiwes of the fourth order, have 
been already satisfactorily elucidated. It remains to consider briefly the sections parallel 
to J and D, which will be curves of the ninth order. 

(97) When L is constant, writing J=s, 'D—y, where for facility of reference we may 

conceive y horizontal and z vertical, and making we have 




, .j j9-s){f+2Y 

y—' f(i+f) (i+f)* ’ 


8y_2 (fi-l)(4?+3) . 

8 ^ 1.4|>+3. 

z“~3 + 

8 r 1 (f + I)» 


ly'~~2k (f-l)(^-i-2) 

when p= — 1 , 

z = 0 , 

5^ = 

! 

II 

11 

o 

82 = 0 , 

<P— 0 , 

0 , 

y 

„ ?= 1 , 

o 

II 

,g>i^ 


„ ?>=+«, 

Z = + 00 , 

y 

Sz 

„ ?>=- 2 , 

y = 0 , 


„ p=-oo, 

s =+00, 

y 


Hence it appears that the curve consists of three branches, two coming together at 
an ordinary cusp at the point corresponding to ^=— f, and the third completely sepa- 
rate, The nature of the sign of k does not affect the nature of the curve. If, for 
greater clearness, k be supposed positive, the first branch, having the negative part of 
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the axis of y for its asymptote, lies entirely in the —2 quadrant, and is always 
convex to the axis of y ; the second branch, joining the first at a cusp corresponding to 
— f , is concave to the origin, cuts the axis of y negatively and of z positively, and 
goes off to infinity ; the third branch, having the positive part of the axis of y for its 
asymptote, lies in the +z quadrant, is always convex to the axis of 2 ^ which it 
touches at a point below that where it is cut by the second branch, and also goes ofiT 
to infinity, lying entirely under the second branch. A straight line, according to the 
direction in which it is drawn, may cut the curve in one, three, or five real points. 

(98) When D is constant, writing J= 2 , L=^, we have 

52 — D ^ 


The form of the curve changes with the sign of D. For sections parallel to and above 
the plane of D, we may make 


D=c^, 




or 




3t2+1. 

T^-1 ’ 


then the complete equation-system to the cun^e will be 


3t2+1 


£C=z(fT 


4{5r*-^l)8’ 


it being unnecessary to affect c with a double sign, since z and w change their signs with 
that of r. 

Also 

S3»_ (t^+1)(LWH1)St 8^r_(T^-l)(l 5T^-f I)§t 

a; t(t®— 1)(5t*— ■!) ’ z t(3t®+ i){5T®— •!) ’ 


^-4 (5x2- 1)4 5r, 


(5x2- 1)2 or. 


dx C® (t 2+ l)(x2— 1)2 

■^~”4 '“"(STdi)^* 


To the values of r included between +\/i and — \/|- will correspond one branch of 
the curve passing through the origin, w'here it has a point of contrary flexure, and 
extending to infinity in both directions. 

When (St^— 1) is positive ^ is always positive; and when r“=l, 

5a;=0, k=0, |=0. 


Hence there will be a cusp of the second kind when ar=0, z=-¥c, the axis of z being 
a tangent to the curve at each cusp. One pair of branches has its cusp at the point 
ar=:0, z=c, and the values of w, z increase indefinitely in the respective branches as r 
passes from 1 to -f 00 and from 1 to \/f. This pair lies in the -f.r, -\-z quadrant, and 
there will be a precisely similar and similarly situated pair in the — a:, — s quadrant. 
Thus there will be in all one infinite J-formed branch passing through the origin, and 
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two detached pairs of infinite branches lying in opposite quadrants The value ^ for 
it will of course be seen, corresponds to —2 for <p, and gives, as it ought to do, the 
position of the cusp.’ 

(99) Finally, for sections parallel to the plane of the discriminant and Ijing below it, 

making D= — , we obtain in like manner 
° 3— f' 


z=M 


Bf-l 

5/Hi’ 






3’ 




h2__ (/Hl)(15/g-l) 


tx 

When f = iT there mil be an ordinary cusp, and when f =1, ^=0. 


There will therefore be three branches, — one corresponding to the values of t between 
— y/iV and the other two to values of t between these limits and •— and -f- 

infinity respectively. The middle branch passes through the origin, w^here it under- 
goes an inflexion, and comes to a cusp at a finite distance from the origin in two 
opposite quadrants. The connected branch at each cusp crosses the axis of .r, sweeps 
convexly towards the axis of r, arrives at a minimum distance from it, and^then goes off 
to infinity. 

The value for t corresponds to •— f for and gives, as it ought to do, the cusp- 
node. In fact the values ^=— |, ^=—2 correspond respectively to a cuspidal and to 
a cusp-nodal line in the limiting surface whose sections we have been considering. 

When the cutting plane is that of D itself, the section becomes a double cubic para- 
bola and a single cubical parabola crossing each other at the origin. 


(^) Let E be an mfinitesimal, and 5®=14 -e ; then 
4(4-t-5£y 


ix-. 




*”‘r( 24 -E)£- 

Heuce at either cusp the branch the further removed from the axis of .r corresponds to the values of 5' be- 
tween 1 and Gc, and the inferior br^ch to its values between 1 and 1; so that the order of continuity of the 
five branches of the curve may he read as follows ; — ^finm the infinite jwint in the higher branch of the upper 
pair to its cusp ; thence to the infinite point in the connected branch, which is contignous to the infinite point 
in the opposite extremity of the middle branch ; thence along this branch to its contrary’ infinite extremity ; 
thence to the infinite point in the upper branch of the inferior pair ; along that branch to its cusp ; and thence, 
finally, along the lower branch to infinity. 
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Descsiptiox of the Plates. 

PLATE XXIY. 

The (s, f}) equation is (1, g, g®, n, IX^j y)*=0, of which*two roots are always imagi- 
nary; its extreme criteria are 0, 0; its middle criteria 

p=cr}—l, 

Points (p, ff) above the discriminatrix indicate 2 pairs of associated roots in the (g, n) 
equation. 

Points (p, (t) on the discriminatrix indicate 2 equal roots in the (s, ri) equation. 

Points (j), g) under the discriminatrix indicate 3 solitary roots in the (g, ?}) equation. 

Points (p, g) above the equatrix indicate s, ij real and unequal. 

Points (Pf g) on the equatrix indicate g, r} equal. 

Pomts (py g) under the equatrix indicate g, ^ imaginary and conjugate. 

Points {py g) above the loop of the indicatrix indicate middle criteria not both positive. 

Points (p, g) on the loop of the indicatrix indicate middle criteria of opposite signs. 

Points {py (t] under the loop of the indicatrix indicate middle criteria not both negative. 

The discriminatrix is a closed curve, the whole of which is figured on the Plate, and 
is shaped somewhat like a haiq) : it has a cusp of the fourth order at the origin. 

The equatrix consists of two branches coming together at a cusp at the distance 1 
from the origin ; the upper branch touches the horizontal axis at the origin ; the lower 
branch, after touching the discriminant at a single point, sweeps out from and round it, 
cutting the vertical axis at the distance 4 below the origin. Both branches go off to 
infinity to the right, and lie completely under the horizontal axis. Where the lower 
branch touches the discriininatiix, the discriminant of the (s, ri) equation passes through 
zero without changing its sign. 

The indicatrix consists of a single branch extending iudefinitely in both directions. 
It passes from infinity below and to the left until, at the distance 1 from the origin, it 
touches the axis, which at the origin it crosses at an angle of 45"", after which it goes off 
to infinity in the positive direction. Its loop extends fromp=0 to|)=— 1. The two 
portions of it figured in the Plate join on together, coming to a maximum at a great 
distance below the horizontal axis. The narrow tract marked “ Region of Real para- 
meters ” is that portion of the harp-shaped space for which alone, g, being reaU the 
(g, Tj) equation can have more than one real root. The areas of each of the three regions 
into which the discriminatrix is divided by the equatrix and indicatrix may readily be 
expressed numerically in terms of algebraic and inverse circular functions only. 

I am indebted to Gentleman Cadet S. L. Jacob, of the Royal Military Academy, for 
the tracing of the curves of which the above Plate is a somewhat imperfect reproduction. 

PLATE XXV. 

Described in text, p. 658. 
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XVIII. On a Wm Seiies of Bodies in which l^itrogen is substituted for Hydrogen. 
By Petee Geiess, Esq. Communicated hy A. W. HoFiIA^^x. ^ 

Beceived June 2, — Read June 10, 1864. 


some former papers* I have had occasion to describe a peculiar class of nitrogen- 
compounds, obtained by the action of nitrous acid upon amido-compounds, by the 
exchange of some of the hydrogen of the latter for the nitrogen of the nitrous acid. 
This substitution may be effected in two different w'ays ; accordingly every amido-com- 
pound may give rise to two distinctly different series of bodies. By viewing the amido- 
compounds as constructed according to the general formula Hy_2 (N £[3)^' , the 
changes may be expressed as follows : — 

I. 2 [C, H,)" oj+nh o,=c.^ H 3 )" (N^y-o ,,+2 0. 

11 . €. (N H.,)" G, +NH 02=G,H,,.^(N,)O." 0. 

In the fil'st equation one atom of nitrogen is substituted for three atoms of hydrogen con- 
tained in two atoms of the amido-compound, but in the second the substitution affects 
only one atom of the latter. I have hitherto directed my attention more particularly to 
the members of the first gi*oup, whether derived from amido-acids (such as diazo-amido- 
benzoic acid), or whether corresponding to amido-bases (diazo-amidobenzol). The bodies 
which I now shall have to describe in this communication are derived according to the 
second of the above general equations, and I have restricted myself almost entirely to 
the study of those which can thus be obtained from aniline and similar bases. 

With regard to the chemical nature of these bodies, I may mention generally that 
they are capable of combining with acids and bases, but that their basic character 
preponderates. They are remarkable for the great variety of compounds which they 

* Ann. der Chem. nnd Phann. Bd. cxiii. p. 201 ; Bd. cxvii. p. 1 ; Bd. cxxi. p. 257; Supplement I. 1861, 
p. 100. Proceedings of tlie Royal Society, vol. ix. p. 594 ; vol. x. p. 309. 

t Chemists are not agreed upon the rational constitution of amido-compounds. They are frequently referred 
to the ammonia -type, and almost as frequently to the same type to which the nitro-compounds from which they 
are derived belong. In the latter ease the group NHg is considered as replacing one atom, or as taking 
the place of two atoms of hydrogen. Aniline can thus be written in three diJfferent ways, and expressed by the 
three formuloe, 

Phenylamine, AmidobenzoL Ammoniabenzol. 

The two latter formulas appear to me to he capable of explaining in the most natural manner the formation of 
bodi^ in which nifrogen is substituted for hydrogen, 

MBCCCmV. 4 TT 
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produce, such as is not met with in any other portion of the field of organic chemistry. 
When in the free state they are remarkable for their instability ; their compounds, how- 
ever, are somewhat more stable ; and it is for that reason that the latter have chiefly 
engaged my attention, and have been employed in the experiments to be described here- 
after. The very striking physical properties of these bodies, as well as the large num- 
ber of products of decomposition to which they give rise, likewise deserve to be specially 
noticed. Altogether they may be looked upon as one of the most interesting groups of 
organic compounds. 1 have avoided, as much as possible, discussing their rational com- 
position, and have abstained from theoretical speculation. I have, however, come to the 
conclusion that the two atoms (or the molecule) of nitrogen, N2, they contain must be 
considered as equivalent to two atoms of hydrogen, and it is in accordance with this 
view that the names of the new compounds have been framed. 

PAET I.— COliPOrKDS OP DIAZOBEXZOL. 

Fitrate of Biahenzol, C6H4N2, NHO3. 

This substance can be prepared in various ways; most readily, however, by acting 
with nitrous acid upon a solution of nitrate of aniline. This salt of aniline is not very 
soluble in cold water ; therefore, in order to obtain a concentrated solution of the new 
compound, it is best to make a thick paste by grinding up a portion of the nitrate with 
water and submitting it to the action of the gas, when the undissolved portion of the 
aniline-salt rapidly disappears, and the whole is converted into the new body. The 
reaction being accompanied by considerable increase of temperature, it is necessary to 
keep the solution cool, and to guard against passing a too-rapid current of the gas. The 
temperature of the solution should not rise much above 30 ® C. The operation is inter- 
rupted as soon as the whole of the aniline has disappeared. This can be ascertained by 
adding a little strong solution of potassa to a portion of the liquid on a watch-glass, when, 
if no more aniline is liberated, it may safely be inferred that the reaction is complete. 
The nitrate of diazobenzol is almost insoluble in ether, and even in ether mixed with much 
dilute alcohol, in consequence of which it may readily be obtained in a crystalline state 
thus : — the solution is first filtered, to remove traces of a brown resin, then mixed with 
about three times its volume of strong alcohol, and ether added until the precipitation is 
complete. The crystals are allowed to subside, and then filtered from the mother-liquor. 
The small quantity of the new body which remains in the mother-liquor may be neglected 
altogether, as its recovery is accompanied with great difficulty. To remove the last 
traces of colouring matter, the crystals are taken up with cold dilute alcohol and repre- 
cipitated by the addition of ether, when they are obtained as long white needles. 

Analysis, as will be shown further, proves that the new compound has the formula 
€g H4 N2, NHO3. Its formation may be explained by the following equation : — 

CgH-N, NHO3 + NHO2 = €6H4N2,lSrH03 + 

V ^ / V . 

titrate of aniline. Nitrous acid. Mtmte of diazobaizol. Water. 
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Another method of preparing nitrate of diazobenzol is based upon the action of nitrons 
acid upon diazo-amidobenzol, a body described in a previous communication to the Royal 
Society. On dissohing this latter compound in cold ether, and passing a current of 
nitrous acid gas through the solution, long acicular crystals of the new substance soon 
appear.* The action should he continued as long as crystals form. The compound so 
obtained is collected on a filter and washed with ether. The reaction is expressed by 
the foRowing equation : — 



Di^o-amidobenzoL Mtrate of ^zobenzol. 


However elegant and simple this method of preparation of the nitrate of diazobenzol 
may appear, it wiU scarcely ever be employed, since it involves the previous preparation 
of diazo-amidobenzol, a body which it is rather troublesome to obtain in large quantities. 
Nitrate of diazobenzol can also be procured by the direct action of nitrous acid upon a 
mixture of aniline with about four times its volume of alcohol. The gas is passed into 
the alcohoHc solution till, on the addition of ether to a small portion of it, a copious 
precipitation of white acicular crystals is produced. When this point is reached, the 
whole of the reddish-brown solution is mixed with ether, and the precipitate purified as 
already described. 

This method of preparing the nitrate, however, is not suitable when large quan- 
tities have to be prepared. It is similar in principle to the preparation by means of 
diazo-amidobenzol, since to all appearance the aniline is first converted into this com- 
pound. 

The methods just described, although simple, will only give favourable results when 
strict attention is paid to the directions given above; for it happens sometimes, and 
especially when the temperature of the solution is allowed to rise too high, that a copious 
evolution of nitrogen gas ensues, which cannot be stopped by any means before the whole 
of the substance bas been destroyed. 

By employing the first of the above processes, it is sometimes found that, on the addi- 
tion of ether to the weak alcoholic solution of the crude compound, no crystals separate, 
but that an aqueous layer is deposited at the bottom of the vessel. This, however, only 
happens when an insufficient amount of alcohol has been originally added to the solu- 
tion, because in this c^e the ether, not being able to mix with the liquor, causes no 
separation of crystals to take place. If this occurs, it is best to remove the ethereal 
liquor, and to dilute the residuary aqueous solution with strong alcohol, when, on the 
addition of ether, crystallization invariably ensues. 

The nitrate of diazobenzol, by whatever method it may have been prepared, crystal- 
lizes in long white needles, which have been obtained several inches in length and are 
very soluble in water, less so in alcohol, and almost insoluble in ether and benzol. They 
can be dried over sulphuric acid without undergoing any change. Heated even below 
100° C., they explode with unparalleled violence, far surpassing that of Eliminating mer- 

4xj2 



670 


MR. R. GRIESS ON A NEW SERIES OE BODIES IN 


emj or iodide of nitrogen. About a gramme of this substance causes by its oiplosion 
a concussion like that produced by firing a pistol. 

The destructive action of such an explosion is likewise extreme. Iron slabs of several 
lines iu thickness were found smashed to atoms when a somewhat larger quantity was 
exploded upon them. Friction, pressure, and concussion also cause it to explode. The 
smallest particles of this substance, accidentally dropped upon the fioor of a room, when 
trodden upon when dry, gave rise to a series of explosions attended with flashes of light. 
The properties of the nitrate of diazobenzol render it absolutely necessary that the 
greatest precaution should be observed when manipulating it. The portion of the sub- 
stance required for analysis having been well washed with ether*, was placed in a pla- 
tinum crucible and dried over sulphuric acid. Concussion or pressure had to be care- 
fully avoided, especially with the dry substance, on account of its great explosiveness. 

For the above-mentioned reasons I abstained from analyzing this compoimd in the 
usual manner, especially as I had opportunities of ascertaining the composition of 
analogous but less dangerous compounds by the ordinary analytical method. I have, 
however, been enabled to arrive at a knowledge of the composition of nitrate of diazo- 
benzol by the very interesting change which an aqueous solution undergoes by the action 
of heat. By ebullition the compound is transformed under the influence of the water 
into carbolic acid, nitrogen, and nitric acid ; and by estimating the quantities of the two 
latter products I have arrived at the true composition of the explosive substance. 

NH93+H2 0=(?eHg0+NH03-fN2. 

Nitrate of diazobenzol. Carbolic acid. 

The method employed for the determination of the quantity of nitrogen evolved by 
the ebullition of the aqueous solution of the explosive compound is as follows : — ^The 
solution was introduced into a flask and a stream of carbonic acid gas passed through it. 
When the air was expelled, the delivery-tube was placed under a graduated cylinder 
containing solution of potassa, and the contents of the flask heated to ebullition f. 

* ’When it is intended to recover the ether employed in the preparation of nitrate of diazobenzol, it is 
advisable, in order to avoid explosions, to shake the ethereal mother-liquor first with a little water, so as to 
dissolve any traces of the diazo-compound suspended in it. I have had a most dangerous explosion by neglecting 
this simple pretention, A large quantity of ether, which had been employed for the precipitation of the new 
compound from its alcoholic solution, had accumulated. Erom this liquid a few crystals had be^ observed 
to have separated. Their number seemed, however, to be so small, that it was deemed unnecessary to remove 
them from the vessel containing the ethereal liquid for distillation. As soon as tiie vessel became warm m the 
water-bath, and before tiie boiling-point of the ether had been reached, a fearful explosion took place, shattering 
the whole of the dis tilling apparatus to pieces and setting fire to the ether, the flame of which spread most 
alarmingly through the laboratory. The gas-flames, which were burning at tiie time in the room, were suddenly 
extinguished by the violent pressure upon the atmo^here, and all flic«e working in the laboratory (who 
fortunately escaped unhurt) wme for a moment deprived of their breath. Hie explorive properti^ of the 
nitrate of diazobenzol may perhaps at a future period find practical application. 

t In all analyses mentioned herein the analyzed sutetances are understood to be deaceated by Solphiliie acid 
previously, unless the contrary is distinctiy stated. 
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I. 0*605 grm. of the compound, treated as above, gave 80-4 cub. centims. of nitrogen 
at 0\ and 760 miUims. bar. pressure =0*101 grm. of nitrogen, or 16*70 per cent. 

Theory. Experiment. 

N=16*77 16*70 

II. *492 grm. of substance, dissolved in water and boiled, required for neutralization 
29*5 cub. centims. of alkali solution, corresponding to 0*185 grm. of nitric acid, or 37*77 
per cent 


Calcnlated. 


Found. 

G 6 H 4 N 2 190 

62*27 

— 

NHO 3 63 

37*73 

37*77 

253 

100*00 



Sulphate of Biazohenzol^ Gg H 4 N 2 , SH 2 O 4 . 

Acid sulphate of aniline, when treated with nitrous acid, is converted into sulphate of 
diazobenzol according to the equation 

/ / 



Add sulphate Sulphate of diazohenzol. 

of aniline. 


On account of the slight solubility of sulphate of aniline, and in order to avoid 
employing a large quantity of liquid, it becomes necessary to suspend the salt in water, 
and to expose it in this state to the action of nitrous acid. The reaction, however, is 
very slow, and the salt is only gradually converted into the diazo-compound. I found 
it therefore more convenient to prepare the sulphate from the nitrate of diazobenzol, 
by treating a concentrated aqueous solution f of the latter with a sufficient quantity of 
sulphuric acid, previously diluted to avoid rise of temperature upon addition. 

The solution thus obtained is then mixed with three times its volume of absolute 
alcohol, and lastly with a sufficient amount of ether, which causes the sulphate of 
diazobenzol, together with some water, to separate in a layer at the bottom of the vessel, 
the liberated nitric acid, together with the excess of sulphuric acid, remaining mixed with 
the supernatant alcohol and ether. This latter is decanted, and the solution of the sul- 
phate (with a view to the removal of a further quantity of water) is once more treated 
with absolute alcohol and reprecipitated by means of ether. The precipitated liquid is 
then placed in flat dishes over sulphuric acid, when it soon solidifies to a magma of 
white crystals. In order to purify these crystals completely, they are washed on a filter 
with a mixture of alcohol and ether, which removes any trace of sulphuric and carbolic 
acids which may have been produced by a partial decomposition of the sulphate of 
diazobenzol, then dissolved in weak cold alcohol, and precipitated by the addition of 

* Ordinaiy sulphate of wiiliBe coatamiag excels of free sulpburic acid ^ understood by this fonnula. 
t The crude solution obtained by the action of nitrous acid upon nitrate of aniline may be employed. 
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eth^. The crystals are separated mthout delay from the mother-liqaor aad dried over 
sulphuric acid. 

0-4848 grm. of substance gave 0*6278 grm. of carbonic acid gas and 0*1397 grm, of 
water, corresponding to 35-32 per cent, of carbon and 8*20 per cent of hydrogen. 

0-4185 gnn. gave, on boiling uith water, 44*7 cub. centims. of nitrogen at 14° C. and 
763 miUims. bar. pressure =44*9 cub. centims., at 0° and 760 millims. bar. pressure 
=0-05642 grm., or 13*49 per cent. 


Calculated. 

_ _ 

Found. 

Ge 72 

35-65 

35*32 

H. 6 

2*97 

3*20 

CO 

CM 

13-86 

13*49 

S 32 

15-83 

— 

_64 

31*69 

— 

202 

100*00 



For the estimation of the sulphuric acid 0*558 grm. of substance, precipitated by 
chloride of barium, gave 0*647 grm. of sulphate of barium, corresponding to 48*76 ptn- 
cent of sulphui'ic acid. 


Calculated. 


Found. 

104 

51*49 

— 

98 

48*51 

48*76 

m 

100*00 



Sulphate of diazobenzol crystallizes in prisms, which readily dissolve in water, but are 
soluble with difficulty in absolute alcohol and insoluble in ether. The aqueous as well 
as the alcoholic solution is decomposed on boiling with evolution of gas. Exposed to 
the air, this compound attracts moisture very rapidly and becomes liquid, and gradually 
decomposes. Heated alone, it deflagrates feebly at about 100° C. 


Hydrohromate of JDiazohmzol^ Cg N.,, HBr. 

This compound is prepared by the action of bromine upon diazo-amidobenzol. 
When an ethereal solution of. bromine is gradually added to a rather concentrated solu- 
tion of the diazo-amido-compound, each drop of the bromine-solution is seen to produce 
a precipitation of the hydrobromate of diazobenzol. When no more crystals are formed 
the precipitate is separated from the mother-liquor, washed with ether till quite white, 
and then dried over sulphuric acid. All these operations must be performed as speedily 
as possible, since the new compound is of a very unstable nature and rapidly decom- 
poses. 

Should it be found necessary to recrystallize the precipitate, it must be dissolved in 
the least possible quantity of cold alcohol, and ether added to the solution till no more 
precipitation takes place. 
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0*3025 grm. of the substance gave, on precipitation with nitrate of silver, 0*304 grm. 
of bromide of silver, corresponding to 43*3 per cent, of hydrobromic acid. 



Calculated. 


Found. 


104 

56*22 

— 

HBr 

81 

43*78 

43*30 


185 

100*00 



Hydrobromate of diazobenzol crystallizes in white nacreous scales, which, like the 
compound previously described, are readily soluble in water, less so in alcohol, andinso- 
kible in ether. The solution of this compound is distinguished by a strong acid reac- 
tion. Heat, friction, and pressure cause the crystals of the hydrobromate to explode 
with the same \iolence as the nitrate of diazobenzol. Even when in a perfectly dry 
state this compound can only be kept for a short time without undergoing decomposition 
(which is accompanied by the production of a peculiar aromatic odour), the decomposition 
being complete in a few days. It is formed according to the equation 
€i 2 N 3 -f 6 Br=:G 6 H 4 X 2 , HBr-fOg Br^ N-f 2HBr. 

Diazo-amido- Hydrobromate of Tribromaniliae. 

benzol. diazobenzol. 

Tribromaniline remains in the ethereal mother-liquor, from which it crystallizes on 
evaporation. 

It is most likely that, by the action of chlorine upon diazo-amidobenzol, hydrochlorate 
of diazobenzol may be obtained. An aqueous solution of this latter compound, how- 
ever. niay also be prepared by treating a solution of the hydrobromate with moist chloride 
of silver. 

Perhromide of IHazobenzol^ €g H 4 Ng, HBr, Brg. 

On adding a small quantity of bromine-water to an aqueous solution of the nitrate of 
diazobenzol, a white crystalline precipitate of tribromoplienylic acid is usually obtained, 
owing to the presence of a small quantity of phenylic acid formed by the spontaneous 
decomposition of the nitrate by water. On removing the tribromophenylic acid as 
quickly as possible by filtration, and on the addition of a large excess of bromine-water 
containing free hydrobromic acid to the filtrate, the new bromine-compound separates 
as a hrownish-red oil, which solidifies to a crystalline mass soon after the supernatant 
liquor has been removed.* The crystals are obtained pure for analysis by washing with 
a little ether. 

I. 0*7164 grm. gave 0*5504 grm. GOg, corresponding to 20*98 per cent, of carbon and 
1*60 of hydrogen. 

II. 0*4B05 grm. of this substance, digested with excess of aqueous ammonia*, gave, on 
expulsion of the excess of ammonia and precipitation with nitrate of silver, 0*8005 grm. 
of bromide of silver, corresponding to 70*68 bromine per cent. 

* The transformatioti which this sabstajQce thus undei^oes, and which renders it posdhle to determine the 
teonane is fins manner, will he fidiy raplamed fiirfiier on. 
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Cdciilated. 

Found. 

^6 

72 

20-87 

20-98 


5 

1-45 

1-60 


28 

8-12 

— 

Bi*3 

240 

69-56 

70-89 


~Uo 

100-00 



Perbromide of diazobenzol, which crystallizes in yellow plates, is insoluble in water, 
lather difficultly soluble in alcohol, and insoluble in ether. It is comparatively stable 
when in a dry state. Its alcoholic solution, on the other hand, rapidly decompose^ 
even in the cold, with evolution of gas. For this reason it is impossible to recrystalhze 
it without loss. In order to purify this unstable perbromide, it is most advantageous 
to dissolve it in cold alcohol, and to allow the solvent to evaporate spontaneously in 
shallow vessels in the open air. Very fine crystals are usually obtained in this manner, 
but contaminated with trifling quantities of an oily product of decomposition, which, 
however, may be removed by washing with a little cold ether. On application of heat 
this compound defiagmtes at a comparatively low temperature. The constitution of 
the perbromide of diazobenzol seems the same as the periodide of tetrethylammonium 
and similar compounds of other bases. 

Platimm-salt of Hydroclilorate of Piazohenzol^ Cg H 4 N 2 , HCl, PtClg? 

is obtained by the addition of bichloride of platinum to a rather concentrated aqueous 
solution of the nitrate of diazobenzol. The fine yellow prisms which are precipitated 
are almost insoluble in alcohol and ether. They ai-e rather stable ; when kept fox- 
some time, however, they acquire a brownish colour, and are gradually but completely 
decomposed. On heating they deflagrate, hence it is impossible to estimate the platinum 
by simple ignition. 

0-760 grm., ignited with carbonate of sodium, gave 0-241 gnn. of platinum, corre- 
sponding to 31-71 per cent, 

€gH4N2.HCl PtCh. 

Theory. Experiment. 

Pt=31-82 31-71 

♦ 

Gold-salt of Hydroclilorate of JDiazolenzol, €gH 4 N 2 , HCi, AuCl^. 

By the addition of terchloride of gold to a dilute aqueous solution of the nitrate of 
diazohenzol, this compound is obtained in the form of a light-yellow crystallme precipi- 
tate, insoluble in water, but soluble in alcohol, especially when warm, from which, 
on cooling, it is deposited in the form of small golden-yellow plates. This salt cannot, 
however, be recrystallized without some loss, especially when the alcoholic solution 
is heated to boiling. The decomposition is indicated invariably by an evolution of 
gas ; continued boiling with alcohol destroys it completely. 0*6965 grm. of this salt 
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gave, on precipitation with sulphuretted hydrogen and ignition of the tersulphide of 
gold, 0*309 grm. of gold, corresponding to 44*36 per cent, of that metal. 

C6H,N2,HCl,AuCl3. 

Theory. Expeiiment. 

Gold .... 44*37 44*36 


It is well known that when bromine, chlorine, or hyponitric acid is substituted in 
jorganic compounds for certain hydrogen atoms, the product formed is distinguished from 
the original compound, if the latter be an acid, by stronger acid properties, or if a base, 
by less pronounced basic characters ; and also that the contrary is observed in the case 
of substitution of potassium, ^H 2 , &c. for the same hydrogen atoms. 

Nitrogen, however, exhibits in this respect a peculiar double nature, since it is found 
only slightly (or not at all) to affect the basic properties of a compound, whilst at the 
same time it exerts so decided an acidulating action as to impart to strong bases an acid 
nature. I have already clearly shown that diazobenzol has all the characters of an 
organic base, capable, like aniline, of forming with acids saline compounds. It possesses, 
at the same time, the property of combining with metallic hydrates, playing, to a certain 
extent, the part of an acid. These metallic derivatives are, as a rule, distinguished by 
the same instability as the compounds of diazobenzol with acids. They are less affected, 
however, by heat. Their aqueous or alcoholic solutions can be heated to boiling for 
some time without suffering complete decomposition. Heated alone they explode, 
although at a much higher temperature, and not with so great violence as the bodies 
previously described. The compounds which are soluble in water ai*e mostly well 
ciy'stallized, whilst the insoluble ones, such as those formed nith silver and lead, are 
obtained as amorphous precipitates. 

Comimund of Hydrate of Potassium with Biazohenzol, Cg N 2 , KHG. 

By inti'oducing a very concentrated solution of nitrate of diazobenzol into an excess 
of an equally concentrated solution of caustic potash, drop by drop, a yellowish liquid 
is obtained possessing a peculiar ai'omatic odour, and solidifying, by evaporation in the 
water-bath, to a erj^staUine mass. This is a mixture of the compound of hydrate of 
potassium with diazobenzol and nitre, together with a brownish-red amorphous body — 
the result of a secondary reaction, which a portion of the original substance undergoes, 
and which is always indicated by the evolution of gas. In order to separate these bodies 
it is necessary to remove the excess of caustic potash. This is best done by putting the 
ciystalline mass into a strong linen cloth and squeezing it powerfully between porous 
stones. The dry cake is then treated with absolute alcohol, which readily dissolves the 
compound of hydrate of potassium with diazobenzol, lea\ing the nitrate of potassium 
insoluble ; it is then separated by filtration. The alcoholic filtrate (which, on account 
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of the aboYe-mentioned secondary product of decomposition, posses^s an intense reddish- 
brown colour) is then cYaporated on the water-bath. The residue is once more pressed 
and washed with a mixture of alcohol and ether to remoYe the reddish-brown substance, 
wheii the compound is obtained nearly white. By again pressing and dissolving the 
dr}' cake in a small quantity of absolute alcohol, filtering, and adding a sufficient amount 
of ether, the substance is obtained in white plates, which must be dried at once over 
sulphuric acid. 

0*735 grm. gave 0-3992 grm. of sulphate of potassium, corresponding to 35*00 per- 
cent. of KH0. 



Calculated. 


Found. 


104 

64*92" 

— 

KHO 

o6-2 

35*08 

35*00 


160*2 

100-00 



The compound of hydrate of potassium with diazobenzol cr}'stallizes in small, w'hite, 
soft plates, which become reddish by exposure to the air ; they are very readily soluble 
in water and alcohol, but insoluble in ether. The solution has a strong alkaline 
reaction. A freshly prepared aqueous solution is but slightly coloured ; but by keeping 
for a short time it rapidly acquires a yellow colour, and ultimately a reddish-yellow' 
substance is precipitated. Ebullition does not seem to accelerate this decomposition 
materially. The dry substance is very stable, and can be kept a long time unchanged. 
Heated alone it explodes at a little above 130®; the explosion is accompanied by a 
slight report. 

Compound of Hydrate of Silver with IHazohenzol, Cg Xo, Ag HO*. 

This is obtained as a white or slightly chocolate-coloured precipitate, by treating a 
freshly prepared solution of the previous compound with a solution of nitrate of silver. 
After removing the mother-liquor, the precipitate is thoroughly washed with water, 
dried by pressing between filter-paper, and finally over sulphuric acid. 

0*5830 grm. gave 0*6772 grm. of CO and 0*126 grm. of water, corresponding to 31*68 
per cent, of carbon and 2*40 per cent, of hydrogen. 

0*9645 grm. gave 0*5955 grm. of diloride of silver, corresponding to 46*46 per cent, 
of silver. 

* It deserves notice that diazo-amidohenzol and the analogous double compounds likewise combine with bases. 
When speaking of these bodies (Ann. derChem. und Pharm. Bd. exxi, p. 362) I have pointed out that they all 
possess the property of forming insoluble precipitates with nitrate of silver. Without examining these pre- 
cipitates more closely, I thmi came to the conclusion that (judging from the manner in which they were ob- 
tained, and taking a few silver-determinations into consideration), they were simply eombinations of the re- 
spective diazo-amido-compound with nitrate of silver. This view has proved erroneous ; for, on closer exaim- 
nation, it was found that these bodies contain no nitric acid, bnt must be regarded as combinations of silver 
with diazo-amido-compounds, viz. Ng, Ag. I intend subsequently to refer to this subject. 
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Theory. 


Experiment. 

Q 

72 

31-44 

31-G8 

H 5 

5 

2-19 

2-40 

N, 

28 

12-23 



Ag 

108 

47-16 

46-46 

0 

16 

6-98 

. 


229 

100-00 



The compound of hydrate of silver with diazobenzol is insoluble in all the ordinary 
neutral solvents. Nitric acid even when cold dissolves it with great facility. It is 
distinguished by great stability; for even after having been kept for weeks, not the least 
sign of decomposition could be discovered. Exposed to a higher temperature it explodes 
with some violence. Since the constitution of the two compounds just described affords 
sufficiently fixed data for establishing the composition of other combinations of metallic 
hydrates with diazobenzol, I have not thought it necessarj' to extend my analyses to the 
other salts. 

Their preparation and constitution, moreover, present no important characteristics, 
and I will therefore describe them very briefly. 

Comimmd of ILjdrate of Barium with Biazohenzol 
is obtained wffien a solution of a very soluble baiium-salt is added to a rather concen- 
trated solution of the potassium-compound. It is precipitated in the form of white, 
microscopic, indistinct needles or plates, which become yellowish in consequence of a 
gradual decomposition. It is difficultly soluble in water. 

The compound of diazobenzol with hydrate of zinc is a white amorphous powder 
insoluble in water. The compound with hydrate of lead is also a white powder, but 
acquiring rapidly a yellow colour. With sulphate of copper a brown precipitate changing 
to green is obtained. Mercurial chloride gives no precipitate. 

Biazohenzol, Cg H4 N2 . 

This remarkable substance is obtained w’hen an aqueous solution of the compound of 
hydrate of potassium with diazobenzol is treated with a sufficient quantity of acetic acid. 
A thick yellow oil is liberated, winch possesses a pectiliar odour, and is remarkable for 
its extraordinary instability. Its existence is very ephemeral, and after a short time 
nitrogen gas begins to be evolved, and the oil is rapidly converted into a brownish-red 
substance. The heat which is produced when larger quantities of the oil undergo this 
spontaneous decomposition is sufficient to give rise to dangerous explosions. 

The addition of ether to the oil dissolves it instantaneously, producing a red solution, 
a tumultuous-evolution of gas taking place. It combines with nitric and sulphuric acids, 
and with hydrate of potassa, terchloride of gold, &c., forming the compounds preriously 
described. 

4x2 
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COMPOUNDS OE DIAEOBENZOL WITH OEGANIC BASES. 

Diazoamidobenzol, as is well known, is formed by the action of nitrous acid upon an 
alcoholic solution of aniline, according to the equation 

2^6 Hy ]Sr+NH02=Ci2 Hii N3+2H2 O. 

Anilinp. Diazo-amidobenzol. 

By viewing this body as a double compound of diazobenzol and aniline, 


n TT T>J __ f^6H4N2 


I was led to prepare it by the direct action of aniline upon compounds of diazobenzol. 
This reaction proceeds readily on mixing an aqueous solution of nitrate of diazobenzol 
with aniline, when a \dscid yellow mass is speedily produced, which becomes crystal- 
line after a short time, and which can be obtained in a perfectly pure state by several 
recrj’stallizations * from alcohol. The formation of the diazo-amidobenzol may be ex- 
pressed as follows : — 


NH03+ 2€, Hy N=€i2 Hy N, NHO3. 

Nitrate of diazobenzol. Aniline. Diazo-amidobenzol. Nitrate of aniline. 


On referring to the equation given on page 6G9 for the formation of nitrate of diazo- 
benzol from diazo-amidobenzol, 

N3+NH02-1-2NH03=2(€6 No, NH03)+2H2 0, 

it is seen that these two bodies may be readily transformed into one another. 

Many other bases deport themselves with nitrate of diazobenzol exactly like aniline, 
and we may therefore look forward to the discoveiy^ of a large number of double com- 
pounds analogous to diazo-amidobenzol. 

It is not my intention to give a fuU history of these compounds, as a few short state- 
ments will show clearly how closely they are allied to their prototype diazo-amidobenzol. 


Diazobenzolramidohromobenzol, 


H4 Ng ) 

iGeH^BrN/' 

This compound is obtained by the action of bromaniline upon nitrate of diazo- 
benzol. It crystallizes in very fine small yellow plates or needles, which are rather diffi- 
cultly soluble in alcohol, but readily soluble in ether. Its platinum-salt, 


€i2HioBrN3,H2a2, 2PtCl2, 

is obtained as a buff-coloured precipitate consisting of fine hair-like ciystals. Nitrate of 
silver produces, in an alcoholic solution, a yellow precipitate similar to that of the com- 
pound previously described. 


Any excess of aniline mmst be removed by means of acetic acid before crystEdlizatioo. 
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In the formation of the above bodies two atoms of base enter into chemical action 
with one atom of nitrate of diazobenzol, forming, together with the diazo-amido-com- 
pound, the nitrate of the base employed. Naphtalidine (amidonaphtol), however, com- 
bines directly in equal numbers of atoms with nitrate of diazobenzol, giving rise to a 
compound which has the formula 

and which, as wiU be shown, must be viewed as nitrate of diazobenzol-amidonaphtol. 
This compound is obtained in an impure state as a violet crystalline precipitate on 
adding an aqueous solution of nitrate of diazobenzol to an alcoholic solution of naphta- 
lidine. It is purified by repeated washings with cold alcohol and recrystallization from 
the same, forming beautiful green prisms. 

0-230Sgrm. gave 0*5235 grm. of carbonic acid and 0*0975 grm. of water, correspond- 
ing to 61*99 per cent, of carbon and 4*70 per cent, of hydrogen. 

These numbers lead to the formula 



CalciJated. 


Found. 


192 

61*94 

61*99 

H.4 

14 

4*52 

4*70 

N 4 

56 

18*06 

— 

0 , 

48 

15*48 

— 


m 

100*00 



The new compound is formed according to the equation 

yHO,,+ CioH,y=rG,c N, O3. 

Is itrate of diazo- Napltaiidiae. Isitrate of diazo- 
beuzol. benzol-amidonaphtoi. 

It is one of the finest bodies of which chemisti*y can boast. It crystallizes in well- 
defined prisms, w^hich by reflected light are of a magnificent grass-green colour, but 
ruby-red by transmitted light. The crystals are almost insoluble in water and ether. 
Hot alcohol dissolves them freely, and redeposits them almost entirely on cooling. 

Biazohenzol'amidonaphtol^ 

^10 -tty ^ J 

This compound is obtained from the previous substance by remoriug the nitric acid 
by means of ammonia or potassa. It crystallizes in very brilliant raby-red prisms, readily 
soluble in alcohol and ether, forming yellow^ liquids. Acids impart a beautiful violet 
colour to these solutions. Bichloride of platinum produces a purple-blue crystalline 
precipitate ; nitrate of silver a yellow precipitate, which consists of small fine needles. 

It is worth mentioning that these diazobenzol-amido-compounds can also be obtained 
by acting with an aqueous solution of the salts of the respective bases upon the com- 
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pound of hydrate of potassium with diazobenzol. The reaction which tak^ place may 
be expressed by the following equation : — 


KHO+CgH^N, HCl=€^o N.+KCl+H^ 0. 

Hydrate of potassium Hydrochlorate Diazoamido- 
with diazobenzol. of aniline. benzol. 


COMPOUBDS OF DUZOBEKZOL WITH alMIBO-ACIDS. 

Amido-acids are likewise capable of entering into combination with diazobenzol. One 
would hare expected that the compounds to wHich this reaction gives rise would dc]>ort 
themselves in an analogous manner to the sulphate or nitrate of diazobenzol, which, 
like the salts of organic bases, are capable of double decomposition. This, however, is 
not the case. The compounds of diazobenzol with amido-acids behave more like 
simple bodies, exhibiting much similarity to the diazo-amidobenzol, being capable, like 
the latter, of forming, with bichloride of platinum, double compounds of the nature 
of the potassio-hichloiide of platinum. They possess, moreover, the property of com- 
bining with metals, giving rise to bodies which correspond entirely to the salts of simple 
acids. 

IMazoleoizoI-ani'idohenzoic acid, • 

This compound is obtained by simply mixing an aqueous solution of the nitrate of 
diazobenzol (1 molecule) with a solution of amidobcnzoic acid (2 molecules). It sepa- 
rates as a yellow cr}'Stallme precipitate which is readily freed from the mother-liquor, 
and when diy^ dissolved in ether and filtered. The ethereal solution deposits on 
evaporation yellow ciTstals, which are obtained pure for analysis by w^ashing with cold 
alcohol. 

0*3333 grm. of substance gave 0*785 grm. at CO^ and 0*1458 grm. of water, corre- 
sponding to 64*23 per cent, of carbon and 4*86 per cent, of hydrogen. 

0*49 grm. gave 68*8 cub. centims. of nitrogen at 0*^ C. and 760 millims. pressure, 
= 17*4 per cent. 



Theory 

A 


Experiment. 

1 

G'ls 

156 

64*73 

64*23 

Hu 

11 

4*56 

4*86 


42 

17*43 

17*65 

^2 

32 

13*28 

— 


241 

100*00 



This body is formed according to the equation 

€6 H4 N2, NHOa+SGy N02=€j, N, Og -f €. H. NO^, KHO^. 

L., \ ^ ; V ) 

Mtrate of diazobenzol. Amidobenzoic Diazobenzol-amido- Nitrate of amidoben- 
acid, benzoic acid. zoic acid. 

Diazobenzol-amidobenzoic acid forms small indistinct plates or cry^lMne grams. It 
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is almost insoluble in water, very difficultly soluble in alcohol, and easily soluble in ether. 
Solutions of ammonia, potash, or carbonate of potassium dissolve the acid readily, the 
solution acquiring a yellow colour. On heating a little of the substance on platinum- 
foil, it fuses and is rapidly decomposed, the decomposition being accompanied by a 
violent evolution of gas. ^ 

Cold dilute mineral acids act upon it but slowly ; on heating, however, speedy decom- 
position ensues. Acetic acid, even when highly concentrated, has no action in the cold, 
but on the application of heat destroys it. 

Platbium-salt of tlie Hydrochlorate of Hiazobenzol-amidohenzoic Acidj 

€j3HijN3 02,2Ha, 2PtCl2. 

This compound forms small yellowisli-'white indistinct plates, and is obtained by adding 
an alcoholic solution of bichloride of platinum to the ethereal solution of the diazo- 
benzol-amidobenzoiq acid. 

0*7455 gi’m. of the substance gave, on ignition with carbonate of sodium, 0*234 grm. 
of platinum. 

C13H11N3, H2CI2, 2PtCl2. 

Calculated. Foirnd, 

Pt=30*80 31*39 

Diazobenzol-amidobcnzoic acid in its behaviour with bases is similar to a bibasic acid, 
since it combines with metallic bodies in two ways. Ail the salts formed are compara- 
tively stable ; those, e, g., which are soluble in water, as the potassium-salt, will even bear 
recrystailization. With the oxide of silver and barium it forms insoluble precipitates. 
A more minute description of these compounds I must defer to a future time. 

Compounds analogous to the diazobenzol-amidobcnzoic acid are formed when amido- 
dracyiic acid (isoamidobenzoic acid), amidoanisic acid, &c. are made to react in the 
manner previously described upon nitrate of diazobenzoL It is my intention to investi- 
gate these compounds more specially, and I therefore abstain from entering further 
upon their description, only noticing that they possess a remarkable resemblance to 
diazoben zol-araidobeiizoic acid . 

IMIDOGKK COMPOUNDS OF DIAZOBENZOL. 

By this name are designated a peculiar class of diazobenzol-compounds obtained by 
the action of ammonia, ethylamine, and analogous organic bases upon perbromide of 
diazobenzol (€ 411 ^X 2 , HBr, Bio). All the compounds hitherto described exist in a 
solid state, and none of them can be volatilized without decomposition ; the new com- 
pounds to be described, on the other band, are liquors which can be distilled, and which 
possess the narcotic odour of some vegetable bases, such as conidine and nicotine. 
Beyond this odour, however, they have nothing in common with these natural bases. 
They are indifferent bodies, combining with neither acids nor bases. 
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DiazolenzoUmide, jls. 

On treating perbromide of diazobenzol with aqueous ammonia, a speedy decompo- 
sition ensues with evolution of much heat. The products of the reaction are, first, 
bromide of ammonium, this passes into solution; secondly, diazobenzolimide, which 
separates as a heavy oil, rather highly coloured by a brown substance simultaneously 
produced in small quantity. By repeatedly distilling the oil with wuter it is obtained 
perfectly pure, and of a slightly yellowish colour ; the substance which imparts to it the 
intense brownish colour, not being volatile, is left behind in the retort. The purified 
oil is separated from the water by means of a separating funnel, placed over chloride of 
calcium, and then distilled once more from a water-bath in mciio. 

0T148 grm. gave 0*253 gnn. carbonic acid and 0-0505 grm. of water. 



Calculated. 


Fumid. 


72 

60-50 

60-10 

H5 

5 

4-20 

4-88 


42 

35-30 

— 


m 

100-00 



Its formation is explained by the following equation : — 

G6H4N2, HBr, Br2+4XH3=^«®'^-ix+8XH4Br*. 

Perbromide. Diazobenzolimide. 

Diazobenzolimide is remarkable for its narcotic, aromatic-ammoniacal odour. It is 
volatilized by distillation with water, and also when heated in mciio^ as showm above. 
Distilled at the ordinary atmospheric pressure, it is decomposed with explosive violence. 
Alcohol and ether dissolve it rather difficultly. I could not succeed in solidifying the 
oil by using a frigorific mixture of nitre and sal-ammoniac. Hydrochloric acid, even 
when concentrated, and aqueous potassa have no effect upon it. Strong nitric and 
sulphuric acids dissolve it with decomposition. 

M]iyldiazohenzoUniide= 

f 2 1^5 1 

This body is obtained in a manner exactly similar to the one employed for the prepa- 
ration of diazobenzolimide, nz. by acting with ethylamine upon the perbromide of 
diazobenzoL It is likewise a yellowish-coloured oil, having a deceptive resemblance to 
the previously described compound. 

^ This decomposition of the perbromide explains the method of analysis adopted for the estimation of die 
bromine described in page 673. 
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PBOBUCTS OF DECOMPOSITION OF THE DIAZOBENZOL COMPOUNDS. 

The transformations which the molecule of diazobenzol undergoes through the influ- 
ence of various reagents are numerous, and there is probably no other body to be met 
with in the large field of organic chemistry that surpasses it in this respect. i The pro- 
ducts of decomposition to which it gives rise frequently possess new and very distinctive 
features ; more frequently, however, they belong to the benzol or phenyl group, in which 
latter case their formation depends upon the great inclination which the two nitrogen 
atoms of the diazobenzol exhibit to escape and to cede their place to other atomic groups 
of the same value (HH). 

l)eportment of Diazohenzol Compounds whm boiled in an aqueous solution. 

The transformation of nitrate of diazobenzol, under the influence of boiling water, 
has already been noticed. A similar change is observed with regard to its sulphate and 
hydrobromate, as will be seen from the following equations : — 



Sulphate Phenylic 

of diazobemol. acid. 



Hydrobromate Phenylic 

of diazobeiizol. acid. 


On the other hand, the compounds of diazobenzol with metallic hydrates exhibit a very 
different deportment with boiling water. By neutralizing the metal, however, with a 
mineral acid, the decomposition takes place in accordance with the above equations. 

Action of Alcohol upon Nitrate of Biazohenzol. 

By gradually and cautiously introducing the nitrate of diazobenzol into a moderate 
quantity of alcohol (previously warmed to about 50° C. in order to accelerate the solu- 
tion), and submitting the whole to distillation in a water-bath, a yellow residue remains, 
which solidifies to a crystalline mass on cooling, and dissolves readily in alkaline solu- 
tions, whence it was inferred that it had the character of an acid. There was, in fact, 
no difficulty in ascertaining that this body was nothing else than dinitrophenylic acid, 
possessing all the well-pronounced properties of this compound ; and to prove this most 
conclusively, it was converted into the characteristic amidonitrophenylic acid. Dinitro- 
phenylic acid, however, is not the only product to which this reaction gives rise ; for on 
mixing the distillate with water an oily body separates, which collects upon the fluid, 
especially when its specific gravity has been increased by the addition of a solution 
of chloride of sodium. This oil may be removed by means of a separating funnel and 
dried over chloride of calcium. It possesses, when rectified by distillation, all the pro- 
perties of ordinary benzol. I have converted it into dinitrobenzol by the action of 
fuming nitric acid, and have found this latter identical with that prepared from coal-tar 
MDCCXTiXIV. 4 T 
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benzol The fiising-point of the dinitrobenzol was in both instances 89° C. The pro- 
duction of dinitrocarbolic acid and of benzol can be expressed by the following equa- 
tion : — 



Hitrate of diazobenzol. Alcohol. DinitrophenyUc Benzol. Aldehyde. 

acid. 


Sulphate of diazobenzol, when distilled with alcohol, is acted upon in a similar manner. 
The alcoholic distillate contains the benzol, whilst the residue in the flask consists of 
sulphuric acid and a small quantity of an organic acid. 

Jkpwt'inmt of Nitric Add and Nitrate of I>iazobenzol. 

Ordinary nitric acid, as well as the fuming acid, has no action upon this compound 
in the cold. The diazo-compound was dissolved in the strongest fuming nitric acid, 
allowed to stand for one hour, and cautiously diluted with water so as to prevent any 
rise of temperature; solution of terchloride of gold was then added, which gave an 
immediate precipitate. Analysis showed this precipitate to be identical with the gold- 
salt of hydrochlorate of diazobenzol. 

0-8295 grm. gave, on precipitation with sulphuretted hydrogen and ignition of the 
tersulphide of gold, 0'3685 grm. of gold, corresponding to 44*42 per cent. 

G6H4N2,HC1, AuOs. 

Calculated. Fouud. 

Gold .... 44*37 44*42 

On boiling the solution of nitrate of diazobenzol in fuming nitric acid, trinitrophe- 
nylic acid is produced. By employing a somewhat weaker acid, an admixture of tri- and 
di-nitrophenylic acid is obtained. 

Action of Sulphuric Acid upon Sulphate of iJiazohenzoL 
On dissolving the sulphate in a small quantity of concentrated sulphuric acid, and 
heating in a water-bath, a copious evolution of nitrogen gas ensues, and a broTOiish- 
coloured liquid remains, consisting of a mixture of the excess of acid employed and a 
new sulpho-acid. The separation of the two acids is re-adily accomplished by preparing 
theii* barium-salts. After diluting the brownish liquid ^vith a sufficient quantity of 
water and adding carbonate of barium as long as the solution exhibits an acid reaction, 
the insoluble sulphate of baryta may be separated by filtration from the barium-salt of 
the new sulpho-acid. The filtrate is evaporated till a pellicle forms, when, on cooling, 
a large quantity of crystals of the barium-salt of the new sulpho-acid appears. After 
separating the crystals by filtration, and then evaporating the mother-hquor further and 
cooling, a new quantity of crystals is obtained. A single recrystallization from water 
renders them perfectly pure. This salt forms fine, white, well-developed prisms, attaining 
frequently to the length of half an inch, when the solution is allowed to cool very 
slowly. The crystals are readily soluble in hot, rather difficultly in cold water, and 
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almost insoluble in alcohol and ether. The solutions have a neutral reaction. The 
substance was dried at 160° C. ; and on analysis 
0*4587 grm. gave 0*3067 grm. of carbonic acid and 0*0649 grm. of water. 

0*4505 grm., precipitated with sulphuric acid, gave 0*2495 grm. of sulphate of barium. 
0*321 grm., analyzed by Caeius’s method, gave 0*379 grm. of sulphate of barium*. 
These numbers lead to the formula 

C'g Hg Ba2 Sg Og. 



Theory. 


Experiment. 


72 

17*70 

18*23 

He 

6 

1*47 

1*55 

Ba^ 

137 

33*66 

33*59 

S, 

64 

15*72 

16*21 

Oe 

128 

31*45 

— 


m 

100*00 



The salt, dried over sulphuric acid, contained 3J atoms of water of crystallization, 
which escaped entirely at 130°C. No further loss of water was observed on heating 
to a higher temperature. 

I. 0*5435 grm. of substance, dried over sulphuric acid, and lastly at 130'’ C., lost 
0*0755 grm. of water. 

II. 0*5398 grm. w^as dried at 190° C. and lost 0*073 grm. of water. 

€g Hg Ba2 S 2 Og -+• 3 JHg 0. 

Calculated. Found. 

, . 

I. n. 

13*44 13*89 13*52 

In accordance with the analysis of the barium-salt, the free acid must be expressed 
by the formula OgHgSgOg, and I propose to call it disulphophenylenic acid, since it 
may be viewed as a compound of two molecules of sulphuric acid, with the hypothetical 
hydrocarbon €g (phenylene), riz. €g H 4 S 2 Og. Its formation may be thus ex- 
pressed : — 

Og H4 N2 SH2O4 + S H2 04=06 H4 -S2H4 08-bN2 

Sulphate of diazobenzol. Disulphophenylemc acid. 

The free acid is easily prepared by dissolving the barium-salt in water, carefully pre- 
cipitating the barium with sulphuric acid, and concentrating the filtrate on a water-bath 
till it acquires a syrupy consistency ; when it is placed over sulphuric acid, it crystallizes 
out in the form of warty crystals, which are exceedingly soluble in water and alcohol, 
and deliquesce in a moist atmosphere, 

• It is ttot even requisite to heat the substance with nitric acid in sealed glass tuh^ ; for the sulphur in the 
suhstanee is entirely converted into sulphurie acid by the action of concentrated nitric acid at the ordinary 
pressure. The acid is converted into a CTystaUized nitaro-acid, resembling picric acid, 

4y2 
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Besides tha compound just described, there exists yet another barinm-compoimd of 
disulphophenylenic acid of the composition €g H 4 83 Ba 3 H Og, formed by the exchange 
of a third equivalent of the hydrogen for barium. It is obtained by digesting either the 
barium-compound with two atoms of barium, or the free disulphophenylenic acid with 
baryta-water for some time. The excess of baryta is neutralized by carbonic acid, and 
the filtrate evaporated till it begins to crystallize. The new salt forms very thin white 
plates, which, on being left for some time in contact with the mother-liquor, are like- 
wise converted into well-formed prisms. 

This salt differs, moreover, from the salt containing only two equivalents of barium, 
by its greater solubility in water and the strong alkahnity of its solutions, which is 
not destroyed by the carbonic acid. When freshly prepared, the crystals of this com- 
pound are clear and transparent ; they soon, however, lose a portion of their water of 
crystallization, and are reduced to a white powder. The substance employed for the 
following analyses was dried at 160° C., at which temperature the water of crystalli- 
zation is rapidly given off. 

I. 0*4618 grm. of substance gave 0*261 grm. of carbonic acid and 0*0396 grm. of water. 

II. 0*3025 grm. gave 0*2225 grm. of sulphate of barium. 



Calculated. 

A 

Found. 

A 

< 


> 

I. 

II." 

^6 

72 

15*18 

15*75 

— 

Ha 

5 

1*05 

0*97 

— 


64 

13*48 

— 

— 


205*5 

43*31 

— 

43*24 

©8 

128 

26*98 

— 

— 


474*5 

100*00 




It is possible that two more barium-salts of disulphophenylenic acid exist, of the 
respective formulae €g H4 Sg Ba H3 Og and Gg H4 Ba 4 Og. 

Disulphophenylenic acid is likewise capable of combining in two proportions with 
other metals ; with lead it seems to combine even more freely, forming apparently no less 
than five distinct salts, viz. €gH 4 S 2 H 3 Pb 08 , GgH 4 SgHgPbgOg, G 6 H 4 S 2 HPb 3 08 , 
Gg H4 82 Pb 4 Og, and Gg H4 83 Pb4 Og-f- Pb2 O. 

The description of the preparation and properties of these bodies will be reserved for 
a future communication. The silver-salt of disulphophenylenic acid, however, may find 
a place here, since it exhibits the peculiar chemical deportment of the new acid in a 
striking manner. 

Bimlphophen^l^mte of Silver, — ^This salt is obtained by treating an aqueous solution 
of the free acid with carbonate of silver, evaporating the filtrate first on the water-bath, 
and lastly over sulphuric acid. It crystallizes either in warty masses or in small plates. 

* On preparing tiie salt Og Ba^ Og, as described above, with excess of c^bonste of barimn, a cOTtaia 

amount of the second barium-eompoiind is formed, which remains in the mother-liquor from which dm first 
salt has crj^stallized. 
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It is eadly soluble in water, difficultly so in alcohol, and almost insoluble in ether. It 
does not contain any water of crystallization. After drying over sulphuric acid it does 
not lose weight, even when heated to upwards, of 160° C. 

I. 0'5535 grm. of the salt, dried at 160°, gave 0*3112 grm. of carbonic acid and 
0*0443 grm. of water. ' 

II. 0*9163 grm. gave 0*5133 grm. of carbonic acid and 0*0726 grm. of water. 

III. 0*502 grm. gave 0*3082 grm. of chloride of silver. 

IV. 0*4975 grm. gave 0*302 grm. of chloride of silver. 

These numbers lead to the formula Og H4 S2 Agg O7. 



Theory. 



Experiment. 


^6 

72 

■ > 

15*39 

^ I. 

15-33 

II. 

15*29 

'm. 

IV. 

H4 

4 

0*85 

0*89 

0*88 

— 

— 

s, 

64 

13*68 

— 

— 

— 

— 

-^2 

216 

46*15 

— 

— 

46*20 

45*69 

0 , 

112 

23*93 

— 

— 

— 

— 


4^ . 

100*00 






To judge from the composition of the silver-salt of disulphophenylenic acid, it appears 
to be bibasic (Gg H4 Sg H2 O7), whilst the formula deduced from its barium and lead salts 
establishes its tetrabasic character (Cg H4 §2 H4 9g). The new acid exhibits therefore 
the rare property of varying basicity, such as is possessed by phosphoric acid in the in- 
organic, and by terebinic acid in organic chemistry, as shown by Ekmaij*. 

Actimi of Sulphuretted Hydrogen upmths Gold^salt of Hydrochlorate of Hiazohnzol. 

By passing a current of sulphuretted hydrogen gas through cold water in which the 
gold-salt has been suspended, all the gold is converted into the trisulphide, whilst the 
diazobenzol is transformed into a volatile product. When the reaction is complete, the 
liquid is submitted to distillation, when a very nauseous, heavy, yellowish oil is found to 
pass over with the aqueous vapour. I have not pursued its examination further than 
to convince myself that it is not the phenylmercaptan (CgHgS) described by Voot, 
which at first sight it appeared to be. Its mercaptanic odour and its derivation from 
the diazobenzol in the gold-compound (according to the equation 
CgH4N2+SH2=GgHgS-f-N2) 

rendered this view very probable. Neither basic acetate of lead, however, nor nitrate of 
silver, even in the presence of ammonia, gave precipitates with the oil, which proved 
convincingly that it differed entirely from phenylmercaptan. 

On examining the residue in the retort after the oil had been distilled off, it was 
found to consist of tersulphide of gold and an aqueous liquid ; the latter is found to con- 
tain chloride of ammonium, together with a little free hydrochloric acid, and a small 

* LmPBicaar, Lehrbucli der Chemie, p. 1016 . 
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quantity of the hydrochlorate of a base which is no other than aniline. The occurrence 
of these bodies shows that a small portion of the diazobenzol is decomposed as follows 
‘ €6 H 4 N2+3SH2^€6 H 7 N-fNHg-fSa 

The same products of decomposition are met with when an alcoholic solution of the 
gold-salt is treated with sulphuretted hydrogen. 

On passing the latter, however, over the dry gold-compound, it speedily causes an 
explosion. By employing only a very small quantity of the substance, and by spreading 
it in a thin layer in a glass tube, it is possible to avoid explosion and secure a quiet 
decomposition. The reaction is over when no more hydrochloric acid fumes escape 
with the current of sulphuretted hydrogen. The black residue which is left behind in 
the glass tube appears to'contain, besides tersulphide of gold, free diazobenzol. I vrm 
not able to isolate this latter. The explosive nature of the residue and its deportment 
with ether, which speedily produces a rapid evolution of gas, leave, however, little doubt 
of its presence. Hydrochloric acid, tersulphide of gold, and diazobenzol are therefore 
the products of decomposition of the gold-salt by means of sulphuretted hydrogen. 

Action of Nascent Hydrogen upon Hiazobenzolimide. 

If hydrogen is generated by means of zinc and sulphuric acid in an alcoholic solution 
of this body, a point is reached in a comparatively short time when, on the addition of 
water, no more turbidity occurs, indicating that the diazobenzohmide has completely 
disappeared. 

By removing the excess of zinc and evaporating the alcohol on a water-bath, the 
residue, when treated with potassa, evolves much ammonia, and an oily base simultane- 
ously separates ; this is purified by distillation, and is found identical with ordinary 
aniline. The decomposition may be thus expressed : — 

DiazfobeMolimide. Aniline. 

Action of Carhonccte of Barium upon Nitrate of Biuzohenzol, 

By treating a cold aqueous solution of this salt with levigated carbonate of barium, a 
feeble evolution of gas is observed, which lasts for several days. A reddish-brown mass 
is produced insoluble in water, which remains with the excess of carbonate of barium 
when the reaction is over. The residue is a mixture of two distinct bodies. By filtering 
off the solution containing nitrate of barium and removing the excess of carbonate by 
means of dilute hydrochloric acid, these two products can be readily separated by 
treatment with cold alcohol, in which they are very unequally soluble. In order to 
obtain the more soluble one in a pure state, the alcohol is evaporated and the residue 
treated with ammonia. An intensely yellow-coloured solution is produced, which must 
be filtered to remove a small quantity of a resinous substance, and decomposed with 
hydrochloric acid, when the new compound is precipitated in crystals. These are 
obtained perfectly pure for analysis by repeated crystallization from weak alcohol. 
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0'25Ognn. of substance gave 0-6679 of carbonic acid and 0-1135 grm. of water, corre- 
sponding to 72-62 per cent of carbon and 5-04 of hydrogen. 

0-307 grm. gave 36*7 cub. centims. of nitrogen at 0°C. and 760 millims. bar. pressure, 
=0-04461 grm. of nitrogen, or 14-52 per cent ^ 

The following formula is deduced from these numbers : — 

^12 ®10 ^2 



Calculated. 

A 


Found. 

{ 

Gi2 

144 

72-73 

72-52 

1^10 

10 

5-05 

5-04 

^2 

28 

14-14 

14-52 

0 

16 

8-08 

— 



100-00 



The formation of this compound may be expressed by the following equation : — 

2(Cg H, NH 03 )+H 20 =Gi 2 Hjo K. 04 - 2 NH 03 -f 2X. 

^ " 1; V J 

Nitrate of diazobenzol. New compound. 

It will be readily seen that this formula contains the elements of phenylic acid and 
diazobenzol * 

H 4 Ng+Gfi He 0 =Gi2 G, 

and I will therefore call it phenol-diazobenzol without prejudging its rational constitu- 
tion. This body usually crj'stallizes from alcohol and ether (in which it is very easily 
soluble) in brittle brownish-yellow wafts. It is almost insoluble in cold water, slightly 
so ill boiling water, from which, on cooling, it crystallizes in small yet well-formed 
rhombic prisms of a fine yellow colour, with a tinge of violet. These crystals fuse at 
148~ C. to a brownish-yellow oil, which cannot be volatilized without decomposition, 
and is destroyed at a higher temperature with formation of yellow vapour. Although 
phenol-diazobenzol has the properties of an acid, forming with certain metals saline 
compounds, its acid character is so slightly pronounced, that it is not even capable 
of decomposing carbonates. On evaporating a solution of phenol-diazobenzol with 
aqueous carbonate of potassium to complete dryness, the former will be left behind 
unaltered. Evaporated with aqueous ammonia, the whole of the ammonia is driven off. 
Treated with nitrate of silver, a scarlet-red silver compound precipitates, which appears 
specially suited to serve for the determination of the atomic weight of this compound. 
It deserves mention that phenol-diazobenzol is isomeric with azoxybenzide. The pro- 
perties just described show conclusively, however, that it has nothing in common with 
the latter compound beyond the formula. 

The second product of the above-mentioned reaction may usually be obtained per- 

* Nitrosoethylijae, recently described by Geftjiee and KEEurziiAaE, will probably come under tbe same class 
of compounds, since its composition may be expressed by the additicm of the hypothetical diazohydride of ethyl 
and alcohol, viz., 
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fectly pure by recrystallizmg it once or twice from stroi^ alcohol, afterwards di^lring 
it in ether, and allowing the solution to evaporate spontaneously. Sometimes, however, 
the crystals are slightly contaminated with traces of a body which has to be removed by 
means of caustic potassa*, in which the new compound is completely soluble, whilst the 
foreign substance remains behind as a brown resin. Hydrochloric acid precipitates it 
from the alkaline solution, and it can now be completely purified by crystallization from 
alcohol or ether. 

I. 0*2156 grm. gave 0*564 grm. of carbonic acid and 0*096 grm. of water, corre- 
sponding to 71*31 per cent, of carbon and 4*95 of hydrogen. 

II. 0*33 grm. gave 47*6 cub. centims. of nitrogen at 0° C. and 760 millims. bar. 
pressure, =0*059813 grm. of nitrogen, equal to 18*12 per cent. 

III. 0*4605 grm. gave 66*5 cub. centims. of nitrogen at 0° C, and 760 millims. bar. 
pressure, =0*08356 grm. of nitrogen, equal to 18*14 per cent 
These numbers led to the formula 



Calculated. 

A 



Found. 


r 


' " 1 

' I. 

II. 

III.' 

^18 

216 

71*52 

71*38 

— 

— 

Hu 

14 

4*63 

4*96 

— 

— 

N4 

56 

18*55 

— 

18*12 

18*14 

0 

16 

m 

5*30 

100*00 

— 

— 
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Its formation is explained by the equation 

3(€6 H 4 N 2 , NH03)-4-H20=Ci8 N 4 O-f N 2 H- SNHO,. 

Nitrate of diazobenzol. New compound. 

It may likewise be viewed as composed of phenol and diazobenzol, viz. 

2€e H, N^+Ge H, 0=C,, H,, N, O, 

and I would therefore propose the name phenol-bidiazobenzol. 

This new compound crystallizes in brownish-red needles or plates ; it is readily soluble 
in ether, difilcultly soluble in cold alcohol. Hot water dissolves it but very slightly. 
On heating, it deports itself like the compound previously described. It fuses at 113® C. 
Phenol-bidiazobenzol is an almost perfectly neutral body. Its deportment vsith potassa 
(in which it dissolves readily, forming a ruby-red solution) reminds one, however, of the 
properties of an acid. Ammonia-water dissolves it with difficulty, and aqueous carbonate 
of potassa not at aU. Dilute adds exert likewise no solvent action ; concentrated acids, 
however, dissolve it with a blood-red colour. Decomposition ensues when the latter 
solutions are heated. 

* Instead of treating the mixture of the crude products of decomposition and carbonate of bmum wiih 
hydrochloric acid in order to remove tiie latter, the new compounds may be extracted with potassa, then pre- 
cipitated with hydrochloric acid, and lastly separated, as already described, by means of alcohol 
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Action of Potassa upon Nitrccte of IHazohenzoL 
On mixing diluted aqueous solutions of these two bodies*, a yellow liquid is obtained, 
which possesses a peculiar aromatic odour and soon begins to evolve nitrogen gas, a red- 
dish-brown neutral substance being simultaneously formed. At the common temperature 
this reaction is very slow, and requires several weeks to be completed. If, however, 
heat is employed, the decomposition proceeds rapidly, and the reddish-brown substance 
is separated as a resinous, semifluid mass, quite insoluble in water, and only very slightly 
soluble even in boiling alcohol. Ether dissolves it readily. I have not been able to 
obtain this substance in crystals. By allowing its ethereal solution to evaporate spon- 
taneously it is left behind in a resinous state. As a powder it is very electric. Boiling 
with nitric acid produces a new yellowish crystalline body. 

In order to purify the amorphous product of decomposition, I have first washed it 
thoroughly with water, then boiled with alcohol, and finally dissolved it in ether ; the 
substance remaining after the evaporation of the ether was submitted to analysis. 

I. 0*2958 grm., dried in vacuo, gave 0*8888 grm. of carbonic acid and 0*1447 grm. 
of water. 

II. 0*220 grm. gave 0*6667 gi*m. of carbonic acid and 0*1082 grm. of water. 

III. 0*3920 grm. gave 29*8 cub. centims. of nitrogen at 0° C. and 760 millims. pressure. 
lY. 0*5054 grm. gave 32*0 cub. centims. of nitrogen at 0° C. and 760 milUms. pressure. 
These numbers agree best with the formula 



Calculated. 

G,4H,8N,0. 

Found. 


r 



I. 

II. III. 

IT. 

^2i 

288 

82*29 

81*95 

82*08 

— 

H,g 

18 

5*14 

5*44 

5*45 

— 

K , 

28 

8-00 

— 

9*53 

7*66 

0 

16 

4.57 




350 

100*00 





The formation of this substance can be expressed by the following equation : — 

dfOfi II4 N. , NHO,)+H, Or=C24 Hi 8 N2 O+4NHO3 -f 6X. 

If instead of an aqueous, an alcoholic solution of potassa be added to the nitrate of 
diazobenzol, dissolved in water, the reaction which takes place is much more compli- 
cated. In this case, in addition to the reddish-brown body, two volatile substances are 
formed, m. beiizol and phenyl, €i2Hj0, the hydrocarbon recently discovered by FiTTiGf. 
When the reaction is conducted in a retort, on the application of heat the benzol passes 
over with the alcohol, and may be separated from it by the addition of water. The 

* The compound of hydrate of potassium and diazobenzol (page 675) does not seem to be formed in this case, 
I was only able to separate this substance when very conemtrated solutions of the nitrate of diazobenzol and 
potassa had been employed in its preparation, 
t Ann, der Chom. und Phann. Bd, exsi, p. 363. 
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phenyl being less Tolatile, is obtained after the whole of the alcohol has distilled over ; 
it condenses into a crystalline mass in the receiver. Repeated recrystallizations from 
alcohol render it qiiite pure, in white plates, resembhng naphtaline, and fusible at 
70° C. These properties leave no doubt as to its identity with the phenyl of Dr. Fittig, 
to whom I am indebted for a small portion of his substance, which resembles in every 
respect the body obtained as mentioned above. 

The third product of the decomposition in question, m. the amorphous brown sub- 
stance, is left behind in the retort as a resinous mass. 

From the foregoing observations it will be seen that potassa, in the presence of 
alcohol, causes simultaneously three different decompositions of the diazobenzol-mole- 
cule, which may be expressed as follows : — 

1. INV 

Diazobenzol. Alcobol, Benzol. Aldchyd. 

II. 2Ge H 4 N.+C, Hg 0 = Cj, Hio-j-C, 0+N^. 

III. 4C, H, 0 = N., 0+ N,. 

V ' 

Reddish -bromi 
substance. 


Actio7i of Aimnoma upon aqueous Xitrate of DiazobenzoL 
On adding diluted ammonia to an aqueous solution of this diazo-compound, a similar 
reaction takes place as when the potassa is employed. On treating the brown mass, 
however, with alcohol, it becomes evident that it consists of two bodies. The difficultly 
soluble portion is absolutely identical with the nitrogenous body previously described, 
as was proved by the following analysis : — 

0-245 grm. gave 0-744 grm. of carbonic acid and 0'1237 grm. of water. Carbon = 82-75, 
and hydrogen 5' 60 per cent. 


^24 ^2 


Calculated, 

Found. 

G~8?29 

82-75 

H 5-14 

5-GO 


The body accompanying it, and wffiich is readily soluble in alcohol, is obtained, by 
repeated crystallization, in the form of small, light-yellow plates which detonate on 
heating, and whose alcoholic solution gives precipitates with nitrate of silver and 
bichloride of platinum. This compound is, in fact, no other than the diazo-amidobenzol 
prenously mentioned. The coincidence with this latter was so complete, that it appeared 
to me loss of time to analyze it. With regmrd to the first of the two products of decom- 
position, it is clear that its formation must be expressed by the same equation which 
illustrated the reaction with caustic potassa upon nitrate of diazobenzol, whilst the 
formation of the latter (the diazo-amidobenzol) is explained by assuming that a portion 
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of the original compound is decomposed, in the following manner : — 

2 (C6H,N „ NHO-p-f 3NH3=:fi,HH N2+2(NH„ m,). 

Kitrate of diazobenzol. Diazo-amidobenzoL 

Two atoms of nitrogen in two equivalents of diazobenzol have, therefore, been simply 
replaced by one of ammonia. 

Deccnnjposithn of the Platiniim-salt of Diazobenzol^ and of the Perlromide of Piazohenzol, 

by the actmi of heat. 

When spealdng of the platinum-salt, I had occasion to mention that it detonates 
when heated. By mixing it, however, with a large excess of perfectly dry carbonate of 
sodium and heating the whole in a retort on a sand-bath, it is quietly decomposed. 
The decomposition begins at a moderate heat, and is marked at first by the evolution 
of gas, and subsequently by the distillation of an oily body. The residue in the retort 
consists of carbonate of sodium, metallic platinum, and chloride of sodium, 'fhe oily 
distillate contains chlorine. It is obtained perfectly pure by distilling once with chlo- 
ride of calcium, and forms an almost colourless oil, wHich is heavier than water and has 
the odour of benzol. These properties, as well as the chlorine determination, which 
was made by igniting the substance with caustic lime, prove that it is chloro-benzol, 
CeH^Clf. 

0*205 grm. gave 0*268 grm. of chloride of silver. 

CeH^Cl. 

Calculated. Found. 

Chlorine . . 31*56 32*34 

The formation of chlorobenzol may be expressed by the following equation : — 
CgH^Nj, HCl, PtClj = CgHsCl+Pt+Cl^+Nj. 

Platinum-salt. Chlorobenzol. 

The platinum-salt of the bromide of diabenzol J is decomposed in an exactly similar 
manner. The resulting bromobenzol differs in no way from the bromobenzol obtained 
by Coupee by the action of bromine upon benzol, as may easily be shown by converting 
it into nitrobromobenzol, which possesses all the properties of nitrobromobenzol pre- 
pared firom coal-tar oil. 

Bromobenzol can also be produced by the decomposition of perbromide of diazobenzol 
by heat, according to the equation 

HBr, Br^rrCfiHgBr+Ng-fBr,. 

Perbromide of diazobenzol. Bromobenzol. 

* It is self-evident that other carbonates, such as carbonate of barium, calcium, &c., may be used instead of 
(^bonate of sodium. 

t la all probability it is identical with chlorobenzol obtained from benzol or phenol. 

$ compound is obtained as an insoluble reddish-yellow precipitate, on mixing bibromide of platinum 
with an aqueous solution of nitrate of diazobenzol. 

4z2 
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In order to decompose larger quantities of the perbromide of diazobenzol in this manner, 
it is likewise requisite to mix it first with a sufficient quantity of carbonate of sodium, 
to ayoid a violent explosion. 

By heating the mixture in a retort bromobenzol is obtained almost perfectly pure. 
The perbromide, when heated with alcohol, likewise gives rise to a decomposition in 
accordance with the previous equations. Bromobenzol separates as a heavy oil on the 
addition of water to the alcoholic solution. 

It deserves to be mentioned that all these reactions ai’e very well defined, and that 
the amount of the products of decomposition corresponds almost theoretically with the 
quantities employed. 


Appejjdix. 

It may be of some interest to mention an experiment I made to obtain ethylated 
diazobenzol compounds. For this purpose I submitted nitrate of ethylaniline to the 
same reaction which produced from nitrate of aniline the nitrate of diazobenzol. I 
obtained a body crystallizing, like the latter, in long needles. If this body had really 
been nitrate of ethyldiazobenzol, I expected to obtain, by boiling with water, a reaction 
according to the equation 

H3 (G, H5) N2, NHO3+H2 0=€6 H, {C, H3) O 4-NH03 + N^. 

'' Y ^ '' ■“ V ^ 

Nitrate of ethyldiazobenzoL Ethylphenylic acid. 

It soon became evident, however, that the oUy body produced was nothing else than 
ordinary phenylic acid ; and since no other organic product of decomposition could be 
traced, I had to come to the conclusion that the above-mentioned crystals were nothing 
else than ordinary nitrate of diazobenzol. In order to decide this question the gold-salt 
was prepared, and, after being purified by reciystallization from alcohol, the w ell-known 
golden, brilliant crystals were obtained, which gave, on analysis — 

0*759 grm., decomposed by sulphuretted hydrogen and ignition of the tersulphide of 
gold, left 0*337 grm. of gold. 

€6H4N2,HC1, AUCI3. 

CalcTilated. Found. 

Gold . . . 44*37 44*40 

The compound Gg H 3 (€2 Hg) N 2 , H Cl, An CI 3 , requires 41*74 per cent, of gold. 

The action of nitrous acid upon nitrate of ethylaniline may therefore be expressed by 
the equation 

CgHg(C2H5)N, NH 03 -fNHO 2 =:€ 6 H 4 N 2 , NH 03 -fg 2 H 6 O+H 2 O. 

Nitrate of ethylaniline. Nitrate of diazobenzol. Alcohol. 
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PABT n. 

The peculiar and somewhat remarkable properties of the compounds derived from 
aniline in the manner previously described, have induced me to try whether bromani- 
line, nitraniline, &c., when similarly treated, would be converted into the conjesponding 
substituted diazobenzols. 

This I have succeeded in doing, and the new substances thus obtained exhibited all 
the properties which I found so characteristic of the normal diazobenzoi-compounds. 
They are, if anything, more stable, owing, if I may so express myself, to the compara- 
tively larger amount of more solid and stable materials which are more firmly combined 
with the extremely volatile and easily disturbed nitrogen. This property renders them 
more fit for many experiments in which the non-substituted diazobenzoi-compounds are 
liable to give rise to dangerous accidents. They are likewise remarkable for great 
beauty, a property which certainly encourages a closer acquaintance. 

Nitrate of IHazohromohenzoU Cq Br Ng, NHO 3 . 

This compound may be prepared either by the action of nitrous acid gas upon nitrate 
of bromaniline or upon diazo-amidobromobenzol, and in an exactly similar manner to the 
nitrate of diazobenzol. If an aqueous solution of nitrate of bromaniline be employed, 
nitrous acid gas must be passed through very rapidly at first, or else diazo-amidobromo- 
benzol (even in the presence of much free nitric acid) begins to separate. This it is 
very difficult to convert into the desired compound in an aqueous solution. Nitrate of 
diazobromobenzol remaining comparatively constant in aqueous solutions, it is possible 
to concentrate them, without any great loss, by spontaneous evaporation in the open air. 
In this manner solutions which are too dilute may be concentrated before precipitating by 
means of alcohol and ether. It can be obtained perfectly pure by repeatedly dissolving 
in alcohol and precipitating wdth ether, when it is obtained in the form of purely white 
scales which, when crystaUizing out rapidly, present themselves in the form of regular 
rhombic plates. These crystals, like those of nitrate of diazobenzol, are exceedingly 
soluble in water, difficultly so in strong alcohol, and almost insoluble in ether. They 
explode when they are heated, struck, or compressed, though not so readily nor with 
the same violence as the nitrate of diazobenzol, and they can therefore be mixed without 
danger with oxide of copper and burnt in the usual mode of organic analysis. 

0*4692 grm. of the substance gave 0*503 grm. of carbonic acid and 0*0745 gi’m. of water. 

These numbers correspond with the formula 

NHQ3. 



Calculated. 

_ X 


Found. 

Ge 

72 

29*27 

29*24 

H 4 

4 

1*63 

1*76 

Br 

80 

32*53 

— 

N 3 

42 

17*07 

— 

©3 

48 

19*50 

— 


246 

100*00 
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The formation of nitrate of diazobromobenzol may be represented by the following 
equations : — 

I €5 Hg BrN, NHO3 + HNO^ = €« H, BrN„ NHO^d- 2H, 0. 

^ V - — — ^ 

Nitrate of bromaniline. Nitrate ot diazobromobenzol. 

11. €12 H9 Br, X3+HN02+2NHQ3= 2(€6 Br N2, NH03)-h2H2 O. 

DiazoamidobromobeiizoL Nitrate of diazobromobenzol, 

Stil^ihate of Diazohromohenzol^ CgH^BrN^, SHoO^. 

The preparation of this compound from nitrate of diazobromobenzol and sulphuric 
acid corresponds so closely w ith that of the non-substituted (abromous) sulphate, that 
it may suffice simply to refer to the description already given of the preparation of 
the latter, and I will therefore restrict myself to a few remarks on its properties. 

Sulphate of diazobromobenzol crystallizes in vciy tine colourless prisms, which are 
very soluble in water, very difficultly soluble in filcohol, and almost insoluble in ether. 
The new body is comparatively stable, and can be crystallized from water without 
suffering the least decomposition, by allowing its solution to evaporate over sulphuric 
acid. Bo iling water decomposes the compound, and heat causes it to explode. Its 
formula has been established by a determination of the sulphuric acid only. 

0*377 grm. gave 0'315 grm. of sulphate of barium. 


Calculated. 


Found. 

G6H3BrN2 183 

65*12 

— 

SH2 O4 98 

34*88 

35*15 


100*00 



Hydrohromate of Diazohromohenzoly Cg H^Br N2, HBr. 

This compound is prepared either by decomposing an aqueous solution of the previous 
salt by means of a sufficient quantity of bromide of barium and spontaneous evaporation 
of the filtrate, or by the action of an ethereal solution of bromine upon an ethereal solu- 
tion of diazo-amidobromobenzol. If prepared by this latter method the new compound 
speedily separates in crystals, on account of its insolubility in ether, and is obtained pure 
by filtering off from the mother-liquor and washing the crystals with ether. Its forma- 
tion may be expressed by the following equation : — 

€12 Hg Br2 N3+4Br=G6 H3 Br Ng HBr+Cg H4 Br3 N-f-HBr. 

Diazoamidobromo- Hydrobromate of diazo- Tribromaniline. 

benzol. bromobenzol. 

The hydrobromate of diazobromobenzol forms pearly white shining scales which 
dissolve very readily in water ; like the hydrobromate of diazobenzol, they are more 
difficult}^ soluble in alcohol and quite insoluble in ether. In the dry state it can be 
preserved a long time without undergoing decomposition. On heating, it explodes 
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almost as violently as the eorresponding nitrate. By treating an aqueous solution with 
freshly precipitated chloride of silver, the hydrobromate is converted into the hydro- 
chlorate of diazobenzol. 

0'5315 grm. of substance, precipitated with nitrate of silver, gave 0-379 grm. of 
bromide of silver. ’ 


Calculated. 

A. 

Pound. 

CeH3BrN2 69*32 

— 

HBr 30*68 

SO-72 

100-00 



Perhromide of Plazolromobenzol, GgH^BrN^, HBr, Br 2 . 

By treating an aqueous solution* of any one of the preriously-described diazobromo- 
benzol-compounds with excess of bromine-water, a crystalline orange precipitate speedily 
falls, increasing rapidly till all the diazobromobenzol has been precipitated. If too 
much bromine has been added the precipitate becomes generally of an oily consistency, 
solidifying, however, to a yellow crystalline mass as soon as the mother-liquor has been 
removed and the excess of bromine allowed to evaporate spontaneously. In order to 
obtain the perbromide, thus prepared, in fine crystals, it is dissolved in the smallest 
possible quantity of warm, not boiling, alcohol, from which it separates on cooling in 
yellow monochnic prisms. A small portion only remains in the alcoholic mother-liquor, 
from -which evaporation rarely recovers it, since it usually undergoes decomposition. It 
will, however, be seldom necessary to run this risk of losing part of the substance by 
recrystallization, for the compound is almost perfectly pure from the very first, and at 
all events quite fit to be employed for the experiments to be described further on. 

Under certain circumstances this perbromide is formed during the preparation of 
hydrobromate of diazobromobenzol from diazo-amidobromobenzol, in Avhich case the 
two compounds are readily separated from one another by washing with cold water. 
Perbromide of diazobromobenzol crystallizes, as has been already remarked, in orange 
monoclinic prisms, insoluble in water, freely soluble in warm, difficultly so in cold 
alcohol, and very difficultly soluble in cold ether. 

On boiling an alcoholic solution decomposition ensues, and on heating the crystals 
alone they explode feebly, with disengagement of bromine vapour and nitrogen gas. 

Analysis gave the following results : — 

O’ooS grm. of substance gave 0*304 grm. of carbonic acid and 0-054 grm. of water. 

0’4551 grm., ignited with caustic lime, gave with nitrate of silver 0-8135 grm. of 
bromide of silver. 

These numbers lead to the formula 

^3 ^2 HBl’g. 

* The crude aqueous soliitioa obtained by the action of nitrous acid upon the nitrate of hromaniline may 
conveniently be employed. 
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Theory. 


Experimeat. 

^6 

72 

16*98 

17*11 


4 

0*94 

1*08 

N, 

28 

6*60 

— 


320 

75*48 

76*06 


4^ 

100*00 



Platimm-salf of the Hydrochlorate of Biazohromobenzol^ CgHgBrNg, HCi, PtCl 2 . 

BicHoride of platinum, even from a very dilute solution of the nitrate or sulphate 
of diazobromobenzol, separates a mass of small yellow crystals, which appear under the 
microscope as fractured plates, and which are almost insoluble in ever}* neutral solvent. 
They are stable at 100° C. 

0*568 grm. gave, on ignition with carbonate of sodium, 0*1447 grm. of platinum. 
€gH 3 BrN 2 ,HGl, Pt CU. 

Calculated. Found. 

Platinum . . 25*36 per cent. 25*47* 

Gold-salt of the Ilj/drocJiIorafe of BiazohromohenzoU Cg H 3 Br N^, HCl, Au Cl^. 

This compound is precipitated fi*om an aqueous solution of nitrate of diazobromo- 
benzol on the addition of terchloride of gold, at first as a yellow oil, which, however, 
rapidly solidifies to a crystalline mass. The crj'stals are insoluble in w^ater, but can be 
recrystaliized from warm alcohol without much loss, and are thus obtained in the form 
of splendid small golden-yellow’’ shining plates. 

0*469 grm. of substance, dissolved in alcohol and decomposed with sulphuretted 
hydrogen, gave, after ignition of the tersulphide of gold, 0*1763 gi’m. of gold. 

GeH3BrN2,HCl, AUCI3. 

Calculated. Found. 

Gold . . . 37*67 per cent. 37*59 

Compound of Hydrate of Potassium with Biazobremwhenzoly CgH 3 BrNg, KHO. 

On the addition of caustic potash to a concentrated solution of nitrate of diazobromo- 
benzol a lemon-yellowdsh precipitate of diazobromobenzol separates at first, but is soluble 
in excess of potash. On evaporation by means of a w*ater-bath, the solution solidifies, 
when sufficiently concentrated, to a reddish-coloured crystalline paste of nitre and the 
new^ compound of hydrate of potassium and diazo-bromobenzol. 

The latter is separated and purified exactly in a similar manner to the analogous 
compound of diazobenzol. It differs from this compound in being precipitated from its 
alcoholic solution by means of ether as a white gelatinous mass, and not in the form of 
crystals. White plates are obtained by allowing its aqueous solution to evaporate on a 
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watch-glass over sulphuric acid, which, however, turn red on keeping, owii^ to a partial 
decomposition. 

Compound of Hydrate of Silver with iHazoiroimhenzol, C(^H3BrN2, AgHO. 

This body is obtained as an almost white insoluble precipitate, very similar to the 
hydrate of silver with diazobenzol. I abstain from describing any more of the com- 
pounds of diazobromobenzol -with metallic hydrates, since they entirely resemble the 
corresponding diazobenzol-compounds in every respect. 

Diazobromobenzol^ CgH3BrN2. 

This compound is obtained in slender, bright-yellow needles by adding weak acetic 
acid to the compound of hydrate of potassium with diazobromobenzol, or as a bright 
yellow amorphous precipitate on the addition of dilute potassa to the aqueous solution 
of the nitrate of diazobromobenzol. In either case it is necessary to remove it speedily 
firom the mother-liquor, and to dr}' it rapidly over sulphuric acid. 

Diazobromobenzol is an exceediagly dangerous compound ; for the slightest pressure, 
or even touch with a rough object, causes it to go off in a fiery explosion almost exceed- 
ing in violence that of the nitrate of diazobenzol. Although much more stable than 
diazobenzol, it can, however, be kept only for a short time in a perfectly unchanged 
condition. After being kept for some time, a reddish-brown residue is left, which no 
longer explodes even on heating, and it seems that the nitrogen has been gradually 
eliminated. Ether dissolves diazobromobenzol and causes a violent evolution of gas, 
frequently of such intensity as to give rise to explosions. When fr-eshly prepared, this 
body is soluble in caustic potassa as well as in mineral acids, with formation of the 
previously-described saline bodies. 

COMPOUNDS OF DIAZOBEOMOBENZOL WITH AHIDO-COMPOUKDS. 

Diazobromobenzol, like diazobenzol, can enter into combination with amido-bases and 
amido-acids. Since, however, these new bodies possess absolutely no fresh chemical 
interest, but resemble in every respect the amido-compounds of diazobenzol, it may 
suffice to mention a few only, as briefly as possible. 

Diazo-amiddbromohenzol^ j, 

11^0 II0 Br N J 

separates in yellow needles or small plates when a concentrated aqueous solution of 
nitrate of diazobromobenzol is treated with an alcoholic solution of bromaniline. This 
compound was obtained by me on a former occasion * by the action of nitrous acid upon 
idcoholic aniline. 

It needs no further proof that both methods furnish a product of identical properties. 

* Annalen der Chem. und Phann. Bd. cxxi. p. 273. 

MDCCCLXrV. 5 A 
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The action of aniline upon nitrate of diazobromobenzol gives rise to diazobromo-amido- 
benzol, which not only has the same empirical composition as the diazobenzoi-amido- 
bromobenzol (€^3 HjqBi N 3 ) (page 678), but resembles it in every other respect. It would, 
no doubt, be of interest to determine whether both compounds are identical or only 
isomeric. I must, however, defer answering this question till a future opportunity. 

6 3 

This body is obtained as a yellow crystalline precipitate on mixing an aqueous solution 
of nitrate of diazobromobenzol and amidobenzoic acid, according to the equation 

C,H3BrN,NHO,+2CV H; NO,, NHO,. 

Nitrate of diazobromo- Amidobenzoic Diazobromobenzol- Nitrate of amidoben- 

benzoL acid. amidobenzol. zoic acid. 

Recrystallized from ether it forms roimdish lumps of small needles or plates. In 
eveiy other respect it is identical with diazobenzol-amidobenzoic acid. 


IMIDOGEN COMPOUNDS OF DIAZOBEOMOBENZOL. 


Diazohromohenzolimide, 


(G,H3BrN,)n 

H J 


On mixing the yellow crystals of perbromide of diazobromobenzol with solution of 
ammonia, they ai‘e speedily converted into a yellowish oil, which, after a single distilla- 
tion with water, is obtained in an almost colourless condition. This oil is diazobromo- 
benzolimide in a perfectly pure state. 

If the temperature of the atmosphere be not too high, the oil usually solidifies after 
a short time. If this does not take place, artificial cold must be resorted to. The new 
compound is obtained for analysis by removing the water and drying over sulphuric acid. 

0*432 grm. of substance gave 0*5803 grm. of carbonic acid and 0*0958 grm. of 
water. 

0*3213 grm. gave 53*8 cnb. centims. of nitrogen at 0'^ C. and 760 millims. barom. 
pressure = 0*06704 grm. of this gas. 



Calculated. 

A 


Found. 


72 

36*36 

36*63 

H4 

4 

2*02 

2*45 

Br 

80 

40*40 



^3 

42 

21*22 

21*04 


m 

100*00 
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The formation of this compound is expressed by the following equation: — 

C, H3 Br N2 HBr3+4NH3=®« 3 XH, Br. 

' " ' 

Perbromide . Diazobromobenzoiiinidc . 


The quantity of diazobromobenzolimide and bromide of ammonium which is obtained 
from a gii'en quantity of perbromide corresponds accurately with the theoretical pro- 
portions. 

0*8305 grm. of perbromide of diazobromobenzol, after decomposition with ammonia, 
gave with nitrate of silver 1*0945 grm. of bromide of silver, corresponding to 5G*1 per 
cent, of bromine. 

According to the above equation, one equivalent of the perbromide gives rise to 
the production of three equivalents of bromide of ammonium ; the quantity of 
bromine capable of precipitation after the action of ammonia will therefore be 56*6 
per cent. 

Diazobromobenzolimide presents itself generally as a white or slightly yellowish mass 
of smaU crystalline plates, which melt at about 20° C. to a heav}* oil. It is insoluble 
in water, rather difficultly soluble in alcohol, and easily soluble in ether and benzol. It 
distils readily in the presence of water ,* heated alone it explodes feebly. Left exposed 
to the open air it appears gradually to volatilize, giving off the same aromatic ammo- 
niacal odour which characterizes diazobenzolimide. It resembles the latter, moreover, 
in its behaviour with various reagents ; caustic potassa, hydrochloric acid, and bromine 
have no action upon it, strong sulphuric and nitric acids decompose it readily. 

By the action of ethylamine, aniline, &c. upon perbromide of diazobromobenzol, 
corresponding substitution-compounds of diazobromobenzolimide are obtained. 

(G H Brl'T yn 

Ethyldiazobromobenzolimide, ^ ^ ^ ^ „ fN, forms a yellowish oil which does not 

solidify even when cooled much below 0° C. 


Phenyldiazobromobenzolimide, 

crystals. 


(GeH3BrNjn 


N, is obtained in the form of orange 


EEMAEKS OH THE PEODUCTS OP DECOMPOSITIOH OF THE COMPOUNDS OF 
DIAZOBEOMOBEHZOL. 

The great similarity existing between the properties of the diazobromobenzol-com- 
pounds and those of the corresponding abromous bodies, is likewise encountered in 
their products of decomposition obtained under similar circumstances; and I have 
therefore generally abstained firom verifying the latter by analysis, having restricted 
myself to bringing forward analytical numbers in a few cases only. 

• On heating an aqueous solution of nitrate or hydrobromate of diazobromobenzol, 

5 a2 
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an eyolntion of nitrogen gas takes place, bromopkenylic acid (which sepai*ates as a 
brownish oil of the odour of creosote) being simultaneously produced. 

Cfi H 3 Br Hg Br O+HBr+Kg. 

Hydrobromate of diazo- Bromophenyiic 

bromobenzol. acid. 

Ebullition of nitrate of diazobromobenzol with alcohol gives rise to the formation of 
bromobenzol, which distils over with the vapour of alcohol, a yellow acid (probably 
bromodinitrophenylic) being left behind. Ammonia forms a yellow body with the simul- 
taneous production of diazo-amidobromobenzol, which, owing to its greater solubility 
in alcohol, can be readily separated from the former. The formation of diazo-amido- 
bromobenzol takes place according to the formula 

206H3BrN‘2 -f NH3 = OpH^Br^X^ + ^^^2* 

V / V 

Diazobromobenzol. Diazo-amidobromobenzol. 

Sulphate of diazobromobenzol, when heated with sulphuric acid, is converted into a 
sulpho-acid, which is most probably disulphobromophenylenic acid, €g II 3 Br, H 4 Og. 

Nascent hydrogen, generated by the action of zinc upon sulphuric acid, in the presence 
of an alcoholic solution of bromobenzolimide converts the latter into bromaniline and 
ammonia. 

Cg H 4 Br N 3 + 8 H=C 6 Hg Br N + 2 H 3 N. 

Diazobromoben- Bromaniline. 

zolimide. 

When the addition of water no longer gives rise to a precipitate, indicating that the 
whole of the imide has been decomposed, the bromaniline is most easily isolated by 
evaporating the alcoholic solution on a water-bath, and distilling mth caustic potassa. 

Bromaniline passes over in oily drops, which quickly solidify, and may be crystallized 
from alcohol in octahedra. These crystals, as well as the properties of the platinum- 
salt, prove it to be identical with the ordinary bromaniline. 

0-2584 grm. of the latter left on ignition 0-0661 grm. of platinum, corresponding 
to 26 '5 per cent. 

€g Hg Br N, HCl, Bt Clg requires 26'1 per cent. 

By heating the platinum-salt of diazobenzol with carbonate of sodium, chlorobenzol 
was obtained ; so in like manner by the action of heat on the platinum-salt of hydro- 
chlorate of diazobromobenzol, chlorobromobenzol is produced, according to the following 
equation : — 

G 6 H 3 BrN 2 , HCl, 

Platiaum-Balt of diazobromo- Chlorobro- 

benzol. mobenzol. 

By pressing the crystals which condense in the neck of the retort between filter 
paper, and after a second distillation and crj'stallization from alcohol, they are obtained 
sufficiently pure for analysis. 

0-441 grm, of substance gave 0*6072 grm, of carbonic acid and 0*0832 grm. of water. 
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These numbers lead to the formula €g H4 Br Cl. 



Calculated. 

-A 

Found. 

€g 

72 

37-60 

37-52 

H4 

4 

2-09 

2-10 

Br 

80 

41-77 

— 

Cl 

35-5 

18-54 

— 


191-5 

10000 



Chlorobromobenzol is rather difficultly soluble in alcohol, readily so in ether, and 
crystallizes in white needles or plates from a hot saturated alcoholic solution on cooling, 
or by evaporation of the ethereal solution. The crystals possess a peculiar odour, 
resembling that of benzol. 

The double salt of dibromide of platinum and liydrobromate of diazobromobenzol is 
obtained in the form of ruby-red crystals, by mixing a tolerably concentrated aqueous 
solution of the diazo-salt with dibromide of platinum. This compound shows, as might 
be expected, a similar deportment. Like the previous platinum-salt, it breaks up 
according to the equation 

0^1136^2 HBr, PtBr 2= Cg H4 Br2+Br2+N2+Pt. 

Platinum-salt of the hydro- Dibromo- 

br ornate of diajiobromobenzol. bemol. 

Dibromobenzol is readily prepared also from the perbromide of diazobromobenzol 
by heating the latter alone*, or with carbonate of sodium, when it is decomposed 
according to the equation 

Cg H3 Br N2 HBr3=C6 H4 

Perbromide of diazo- Dibromobenzol. 
bromobenzol. 

A still more convenient method of preparing dibromobenzol consists in the decom- 
position of the perbromide with alcohol, which is completed after a few minntes’ boiling ; 
and if too much alcohol has not been employed, a large portion of the dibromobenzol 
separates at once in the form of crystals. The remaining portion is precipitated on the 
addition of water, in the form of a thick oil, which soon solidifies to a crj-stalline mass. 
After washing with a little alcohol and pressing between bibulous paper, this mass, 
together with the crystals first precipitated, is subjected to distillation. Dibromobenzol 
distils over as an almost colourless oil, which speedily solidifies. 

Dibromobenzol resembles very much chlorobromobenzol in its various physical pro- 
perties. It crystallizes from ether in the form of rectangular prisms or small plates, 
which are frequently very r^^ar and well formed, sometimes, however, agglomerated 
m various ways. It fuses at 89° C. 

* (taly small quantities must be employed, in order to prevent violent explosions. By heating the perbro- 
nude in a long-neeked flask the dibromobenzol condenses in the cold part of the vessel. 
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The properties of the dibromobenzoi prepared in the manner just described can 
leave no doubt that it is identical with the dibromobenzoi described by Coupee, obtained 
by the action of bromine upon benzol. Although large quantities of dibromobenzoi can 
be prepared by Coupee’s method with perhaps greater facility, it is always difficult to 
obtain the dibromo- quite free from tribromo-benzol, which is simultaneously formed. 

The above method might be preferred in all cases when absolutely pure dibromo- 
benzoi is required, as, for instance, for certain physical purposes — the more so, since it 
invariably yields theoretical quantities. The same may be said of several other deriva- 
tives of benzol and its homologues, W’hich are obtained from diazo-compounds to be 
described hereafter. 

DIAZODIBROMOBENZOL COMPOENDS. 

Kitrate of Diazodilromohenzol^ CgH.^Br^Ng, NHO3. 

This compound is readily obtained by the action of a rapid current of nitrous acid 
upon an aqueous solution of nitrate of bromaniline containing free nitric acid. The 
liquid is allowed to evaporate spontaneously, the residue taken up with weak alcohol, 
and the new compound precipitated by means of ether. It can be recrystallized with- 
out loss from water or alcohol by evaporating the respective solutions below their boil- 
ing-points. Its aqueous solution remains remarkably constant. Continued boiling even 
for hours frequently leaves some of the substance undecomposed. 

Nitrate of diazodibromobenzol crystallizes in fine white prisms, or elongated hexa- 
gonal plates. It does not detonate with the same riolence as the corresponding bodies 
previously described, 

Perhrqmide of Diazodibromobenzol, C 6 H 2 Br 2 N 2 , HBr^. 

This compound is formed by the addition of bromine-water to an aqueous solution of 
the nitrate of diazodibromobenzol, when it is precipitated in the form of fine long needles. 
On boiling vrith alcohol, and the subsequent addition of water, an oily substance is 
thrown down which soon solidifies, and can be obtained perfectly pure by pressing the 
precipitate between bibulous paper, then distiBing, and finally crystallizing from alcohol. 
Thus purified it presents itself in the form of fine long silky needles. This substance 
is evidently tribromohenzol, presenting all the properties of that compound obtained 
by the distillation of CgHgBrg with alkalies by Lassaigne*. 

Platinum-salt of the Hydrochlorate of Diazodibromobenzol, CgHgBrgNg, HCl, PtClg. 

It separates in small orange oval plates, which are difficultly soluble in water, on adding 
dicbloride of platinum to the hydrochlorate. 

0*722 grm. gave 0*154 grm. of platinum. 

Cg Hg Bvg Ng, HQ, Pt Qg . 

Calculated. Found. 

Platinum . . , 21*08 per cent. 21*38 

* Rev. Sdent, voL v. p. 360, 
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BiazodihromohmizoUmlde, 


(€eH,Br,NJ') 

hT' 


This compound is easily obtained in crj’stak by mixing the perbromide, 

with ammonia. Repeated recrystallization from hot alcohol yields it in the form 
white needles, which fuse at 62° C., and which detonate slightly at a higher temperature. 
It is very little soluble in water, more soluble in hot alcohol, and very readily so in ether. 


diazochlobobexzol compoukds. 

Perfect analogy exists between these bodies, as well as between the diazodichlo- 
robenzol compounds, and the compounds I have just described, with regard not only to 
the modes of preparation from chlorine and dichloraniline, but also in respect to their 
various physical properties. I therefore abstain from entering into a minute description, 
and will simply enumerate some few experiments, which I hope will satisfactorily prove- 
their great similarity. 

Mfrate of IHazochlofohenzcl, €511301X2, NHO3, 

This substance crystallizes in small white plates, which }ield on boiling with water 
chlorophenylic acid in the form of a brownish oil possessing the odour of creosote. 

Perbromide of BiazocMorohenzol,, CgH3ClN2, HBr^, 
forms yellow columns which are decomposed in boiling alcohol with formation of 
bromochlorobenzol, the composition of which is thus expressed, ClBr*. 

0-2005 grin, of the perbromide was decomposed with ammonia,'and when precipitated 
with nitrate of silver gave 0-2952 grm. of bromide ©f silver. 

CgH3aN2, HBr3. 

Calculated. Found. 

Bromine .... 63-24 62*64 

Platinum-salt of the Ilydrochlorate of Biazochlorohenzol, €5113 Cl HCl, PtCB, 
forms fine yellow needles. On heating with carbonate of sodium it yields dichloro- 
benzol, which is obtained, according as it crystallizes slowly or rapidly, in long fine 
needles, or in elongated four-sided plates, possessing the same peculiar ai-omatic odour 
as the dibromobenzol, 

BiazocJilorobenzolimide, ^ ^ m 1 

^ ® ^ p, forms readily fusible crystals. 

* I leave it undecided wiietlier the bromochlorobemol thus obtained is identical witii the body described on 
page 702 as derived from CgH^Br Ng, HCl, PtC^, and poraessing the same elementary composition. Some 
observations, which shall be fully described when treating of the products of decomposition of diazonitrobenzol, 
do not favour the view of their identity. 
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Diuzochlorobmizol, ^gHgClNg, is obtained as a highly explosive lemon-yellow 
precipitate. 

DIAZODICHLOEOBENZOL COMPOUNDS. 

Witraie of diazodiehlorohenzol presents itself in the form of white plates. The per- 
bromide, -Gg Hg Cl, HBrg, which is formed by the action of bromine-water, crj'staUizes 
in yellow prisms ; the platinum-salt in small, beautiful, yellow, very brilliant plates. 

0*3975 grm. of the latter compound gave 0*1015 grm. of platinum. 

(GgHoCl^N^, Ha,pta). 

Calculated. Found. 

Platinum . . . . 26*01 per cent 25*54. 

DIAZOIODOBENZOL COMPOUNDS. 

It will suffice if I give likewise only a short outline of these bodies, owing to the 
great resemblance which usually exists between them and the compounds of diazobro- 
mobenzol, both in regard to their prepamtion and chemical deportment, and also with 
respect to their physical properties, 

'Nitrate of BiazomlohenzoU CgH 3 lN 2 , NHO 3 , 
is prepared from nitrate of iodaniline, precisely like the corresponding bromo-com- 
pound, and crystallizes in white needles or prisms, w’hich are exceedingly soluble in 
water. 

Sulphate of Diazoiodohenzol, CgH 3 lX 2 ’ ^ 1^2 ^ 4 ’ 
crystallizes in small plates, which are easily soluble in water, difficultly so in alcohol. 

0*5665 grm. of substance gave 0*4025 grm. of sulphate of barium. 


C 6 H 3 IX 2 

230 

Calculated. 

70*12 

Found. 

SH 2 G 4 

98 

29*88 

29*92 



10000 



Perbromide of Piazoiodobenzol, Cg H 3 INg, HBr^, 
forms small lemon-yellow slender plates. 

0*4395 grm. of substance, decomposed with solution of ammonia, gave 0*525 grm. of 
bromide of silver. 

€gH3lX2,HBr3. 

Calculated. Found. 

Bromine . . . . 50*95 per cent. 50*83 

On boiling this compound with alcohol it yields bromoiodobenzol, Gg H 4 Br I, which 
crystallizes from ether or alcohol in large white plates, which are volatile without 
decomposition. 
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0*453 grm. of bromoiodobenzol gave 0*4082 grm. carbonic acid and 0*0612 grm. water. 


JCaleulated. 

A 

Found. 

4 72 

25*44 

24*58 

H, 4 

1*41 

1*50 

Br 80 

28*27 

— 

I 127 

14*88 

— 

283 

100 ^ 



Flatimmrsalt of the Hydrochlorate of IHazoiodohmzol, € 51131 X 2 , HCl, PtClg, 
forms small bright yellow clusters of needles. 


Biazoiodobenzolimide^ 




forms yellowish-white crystals, which are readily fusible, and pass over on distilling 
with water as a yellowish oil, soon solidi^ing. This likewise is of a peculiar aromatic 
ammoniacal odour. 


JDiazoiodobenzol, €5 H 3 IN 2 , 
is obtained as a yellow explosive precipitate. 

DIAZONITEOBEXZOL COHPOUIvDS. 

The remarkable isomerism observed between a and jS nitraniline, and hitherto left 
unexplained by any chemical theory, likewise extends, as I have shown upon a former 
occasion, to the double compounds which I have described as a and (B Diazo-amidonitro- 
benzoL This isomerism, however, is somewhat less striking, since these bodies retain 
one-half the nitraniline required for their formation in the original condition, as wiU be 
clearly seen on examining the rational formula 

(e,H3(N02)N, I 

lGeH 4 (N 03 )H,Nj 

which I assign to these bodies. The simple diazo-compounds derived from these isomeric 
nitranilines cannot, however, be viewed similarly, and it was impossible therefore to 
decide a priori the question of their isomerism. The experiments presently to be 
described nevertheless leave no doubt that a similar isomerism exists between the 
several members of both series, and that, although of identical composition, differences 
in their physical properties become manifest, which are as striking as those observed 
between the original bases. 


5 B 


MDCCCLUV. 



T08 


MB. B. &mmB QW A KW SEfiim OF BQBim m 


t$ JMmmitrohem&l emnpmmds*. 

Witraie of Mazmitrohmzol^ €g H3 (NOg) Ng HNO3. 

The preparation of this compound by the action of nitrous add upon a mtramline 
differs in no way from that of the analogous bodies already referred to. By gradually 
adding ether to its alcoholic solution till crystallization commences^ it is obtained in 
fine long needles, which, however, do not exhibit any distinct form of crystallization. 

This compound, like all the rest of the like bodi^, is yery readily soluble in water, 
more difficultly so in alcohol, and insoluble in ether, and explodes with the same 
violmice on heating. 

Ferhromide of a IHazonitrobenzol^ H3 (NOg) Ng, HBrg. 

On mixing an aqueous solution of the former compound with bromine-water, this 
new body is speedily thrown down in slender orange prisms, which are almost insoluble 
in water, and scarcely soluble in ether. They dissolve, however, readOy in warm alcohol, 
from which they are deposited, on cooling, in well-defined crystals. 

Platinumrsalt of the Hydrochlorate of a IHcLzonitrobenzol^ €g Hg (NOg) Ng, HCl, Pt Clg. 

On the addition of chloride of platinum to a hot aqueous solution of the hydrochlorate 
of diazonitrobenzol, this double salt, which crj^stallizes in long yellow needles, is 
precipitated. On recrystallizing it from boiling water, in which it is soluble (although 
difficultly}, the crystals are obtained as prisms, frequently very well formed. 

a IHimnitrohenzoUmide,, (^^ 2 ) | 

This compound is prepared by the action of ammonia upon perbromide of « diazo- 
nitrobenzoL By repeated recrystallization from alcohol it may be obtained in a 
perfectly pure state in the form of very brilliant yellow, rounded plates, which are so 
soluble in hot alcohol that a magma of crystals separates on cooling from a saturated 
solution. The crystals dissolve as readily in ether. In boiling water they fuse, pro- 
ducing a yellow oil but slightly soluble ia water, the portion dissolved yields very 
fine, almost white crystals on cooling. The fusing-point of the crystals obtained by 
recrystaliization from alcohol was found to be 71° C. The substance explodes when 
heated a little above the fusing-point. 

0’3392 grm. of substance gave 0-548 grm. of carbonic acid and 0*805 grm. of water. 

* The a nitramline employed for these experiments was obtained according to Arppe^s method, by the 
action of alkaline liquids upon nitrated anilides. 

The /3 nitraniline was prepared according to Homonsr and Muspeati’s method, from dinitrohenzol hy the 
reduction with sulphuretted hydrogen. 
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Osloulated. 

A 

Potaid. 


72 

43*9d 

44*06 

H, 

4 

2-44 

2*64 


66 

34*16 

— 

©2 

32 

19-51 

— 


164 

100-00 



P IHazomtrohenzol compomids, 

Mtrate of p BiazonitrohenzoU €eH3(N02)N2, HNO3, 
is obtained from the nitrate of p nitraniline. The p does not differ much from, the 
corresponding a compound in solubility ; they however exhibit perceptible differences in 
the forms of their crystals, which in the /3 compound are columns, frequently approach- 
ing the cubical form, whilst the crystals of the nitrate of a diazonitrobenzol are long 
needles of a somewhat unpronounced character. 

Perhromide of p IHazomtrobenzol, €gH3(NG2)N2, HBr3. 

On treating an aqueous solution of the nitrate of p diazonitrobenzol with bromine- 
water the new compound is thrown down generally as an oil, which soon solidifies. 
It forms small plates or prisms of an orange colour, which seem to differ from the 
crykals of the a compound by their want of stability when treated with warm alcohol, 
and which I have scarcely ever been able to recrystallize. I have obtained the per- 
bromide of p diazonitrobenzol also by the action of bromine upon p diazo-amidonitro- 
benzol by suspending the latter in water and adding bromine till the whole is converted 
into a heavy brownish-red oil. The supernatant aqueous mother-liquor is decanted and 
the excess of bromine allowed to evaporate spontaneously, when the oil solidifies to a 
crystalline mass. 

Before, however, complete solidification occurs, thick yellowish-red prisms are fre- 
quently seen to shoot out, of about an inch in length, which consist of almost pure 
perbromide containing mere traces of tribronmitraniline, a body which forms in the 
reaction to nearly the same extent, as will be seen from the following equation : — 

€,2 H, (m ,), + 8Br=:€g H3 (NO2) N2, HBr3+€g H3 (NO^) Br, N 4 - 2 HBr. 

v ' ^ ^ ■ V ^ ^ ' Y , , ^ 

diazoamidotribenxol. /5 perbromide. TVibromnitraniline. 

The adhering tribromnitraniline* can be removed by washing the finely pulverized 
crystals with ether, in which the perbromide is almost insoluble. 

* In order to obtain the tribromaitraniline in a pure state the ethOTeal solution is evaporated to dryness, and 
the residue dissolved by warm alcohol. Water is then added to the alcoholic solution till it becomes milky and 
d^dts crystals. These are thrown upon a filter, and thmi pressed between Aeets of filter paper, in order to 
remove any adhering bromonitrobensol, and purified further by recrystallization from weak alcohol. Tnbrom- 
nitraniline crystallizes in small, slighily yellowish plates, which cannot be snblimed without decomposition. 
The analysis of this compound will be found in another phioe. 

5b2 
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If no crystals are formed after the bromine has evaporated in the manner described, 
but only a crystaliine mass of perbromide and tribromaniline, the latter is pressed 
between bibulous paper, and then washed with ether in order to separate the two 
compounds. This, however, cannot be done without incurring a considerable loss of 
perbromide, since by the action of the ether it is partly converted into the nitrobromo- 
benzol. Thus prepared it gave on analysis the following results : — 

0*648 grm. gave 0*3896 grm. of carbonic acid and 0*0566 grm. of water. 

0*363 grm, gave, on ignition with Hme, 0*5275 grm. of bromide of silver. 



Tkeory. 

-A. 


Experiment. 

( 

“^6 

72 

18*46 

19*38 

H 4 

4 

1*03 

1*14 

Na 

42 

10*77 

— 

Bra 

240 

61*54 

61*85 

©2 

32 

8*20 

— 


m 

100*00 



PlMimm^salt of the EydrocMorate of (i Biazomtrdbenzol^ €gH 3 (NG 2 )N 2 , HCl, PtClg. 

This compound crystallizes likewise in needles or prisms resembling much the crystals 
of the a compound. 

0*847 grm. left, on ignition with carbonate of sodium, 0*236 grm. of platinum =27*86 
per cent 

€eH3(NOj)N^Ha,PtCl,. 

Calctilated. Foimd. 

Platinum .... 27*79 per cent. 27*86 

/3 IHazonitrohenzolimide, (Og Hg (NOg) N 2 )") ^ 

HT’ 

differs from the a compound by crystallizing invariably in orange-coloured needles which 
fuse at 62° C., and consequently much below the fusing-point of the a compoimd. It 
is likewise somewhat soluble in hot water, from which it crystallizes on cooling in 
whitish needles, which closely resemble those of the a diazonitrobenzolimide recrystal- 
lized also from hot water. It somewhat possesses the odour of nitrobenzol. 

0*4317 grm. of substance gave 0*6927 grm. of carbonic acid and 0*1008 grm. of water. 



Calculated. 

A 

Ponud. 

€5 

72 

43*90 

43*76 

H4 

4 

2*44 

2*59 

N4 

56 

34*15 

— 

O2 

32 

19*51 

— 


164 

100*00 
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OB THE PEODTICTS OF DECOMPOSITIOB OF THE DIAEOBITEOBEBZOL COMPOUBDS. 

Hiese substances, as far as my observations go, are decomposed under tbe influence 
of reagents like tbe other diazobenzol compounds ; and their transformations may be 
expressed by corresponding equations. The nature of their products of decohnposition 
may in flict be safely predicted beforehand, as the same isomerism which characterizes the 
compounds already described is observable. It appeared of suificient interest to trace them 
somewhat more fully. I could not have given the comparative history of the products 
of decomposition, however, without deviating too far from the main direction of this 
investigation, and I must therefore reserve for a future opportunity a more intimate 
acquaintance with these interesting bodies. A few illustrations will show how promising 
a harvest of interesting results may be expected from such an investigation. One 
peculiar fact deserves mention here. I had taken it for granted that the same relations 
would be exhibited betw^een the isomeric diazonitrobenzol compounds and the isomeric 
acids of the formula €g Hg (NOg) 0 (the nitrocarbolic acid of Hofmabb and the isonitro- 
carbolic acid of Feitsche) as that observed between the compounds of diazobenzol and 
carbolic acid, and that their deportment would be represented by the formula 

€6H3(yQ2)N2, NH03- I-H.2 0=€^(N02)0 ^-NH03 -fNg. 

Bitxate of diazonitro- a-/3 Nitrocarbolic 

benzol. acid. 

The assumption has not been verified. On boiling these diazonitrobenzol compounds 
with water, they are certainly decomposed, after some time, with evolution of nitrogen 
gas, but neither the a nor (3 compound furnishes under these circumstances either of 
the well-known phenylic substitutes. In both cases a brownish and easily fusibje sub- 
stance is obtained, w'hich readily dissolves in alcohol and ether, but which can in no 
manner be made to crj^stallize. I have not ascertained whether this substance deports 
itself differently according to its origin (from the a or /3 compound), nor have I analyzed 
it, but I presume that, judging from the progress of its formation, and also from the 
weak acid properties it exhibits (dissolving in potassa and being reprecipitated by hydro- 
chloric acid), its composition is probably represented by the formula 

G,H,(N9,)a 

On heating an alcoholic solution of the perbromide of a diazonitrobenzol, it is readily 
decomposed according to the equation 

€g H3 (NGs) N2, HBr3=€6 (N02)Br +N2+Br2. 

v_ , ; V ^ ; 

a ^bromide. Bromonitrobenzol. 

A portion of the bromonitrobenzol formed in this manner separates in crystals on 
cooling, provided the amount of alcohol employed has not been too large ; the rest is 
precipitated on the addition of water. The crystals are purified by pressure between 
filter paper and distillation, when they pass over as a slightly yellowish oil, which soon 
solidifies to a crystalline mass. The bromonitrobenzol thus prepared is.difficultly soluble 
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in cold, readily in hot alcohol and ether. It crystallizes from these solvents in long 
almost white needles, which fuse at 126° C., and which possess the odour of nitrobenzol, 
A bromine-determination gave the following results : — 

0'3355grm. was ignited with lime and gave 0*317 grm, of bromide of silver. 

Calculated. Pound, 

Bromine .... 39*61 per cent. 40*19 

If the perbromide of /3 diazonitrobenzol is decomposed in a similar manner with 
boiling alcohol, and the solid product of decomposition which forms purified as described 
before, a compound is obtained to which the formula €g H 4 (NOg) Br must likewise be 
assigned, which, however, differs greatly in its physical appearance and properties from 
the former bromonitrobenzol. It crystallizes from alcohol and ether, in which it seems 
to be more easily soluble, in the form of well-made, slightly yello'wish, or almost white 
rhombic prisms, sometimes also in plates, and fuses at 56° C., or 70° below the fusing- 
point of the bromonitrobenzol derived from the a compound. The analysis of this Imdy 
gave the following results : — 

0*2745 grm. of substance gave 0*361 grm. of carbonic acid and 0*0535 grm. of water. 

0*3365 grm. of substance gave, on ignition with caustic lime, 0*3145 grm. of bromide 


of silver. 

^6 

Calculated. 

72 

35*64 

Found. 

35*87 


H4 

4 

1*98 

2*16 


Br 

80 

39*61 

39*77 


N 

14 

6*93 

— 


O 2 

32 

15*84 





202 

100*00 



The existence of these bromonitrobenzols suggests the question whether one of them 
be not identical with the bromonitrobenzol prepared by Coupee by the action of 
fuming nitric acid upon bromobenzol. Coupee’s description of this body appeared to 
me scarcely conclusive of its nature ; and in order to decide this question I have treated 
bromobenzol, prepared from coal-tar naphtha, with fuming nitric acid, and have com- 
pared the perfectly pure product, after repeated recrystallizations from alcohol, with the 
bromonitrobenzols prepared by my method. The striking coincidence between the 
crystalline form of Coupee’s compound and of the bromonitrobenzol coiresponding to 
the a nitraniline, which I will now call a bromonitrobenzol, became at once perceptible ; 
and since both compounds crystallize in white needles that could by no means be 
distinguished from one another, I felt justified in coming to the conclusion that both 
are identical. In order, however, to make quite sure I have also determined the fusir^- 
point of the respective compounds, mad have found it uniformly at 120 *^ 0 .* 

* CotrpEB states (Ann. de Qiini. et de Phys. [3] voL lii. p. 309) that his compound fimed below 90° C. This 
is evidently erroneous. 
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They aj?e acted upon in a like mann^ by various reagents. When reduced m alcoholic 
solutions by sulphide of ammonium, they are both converted into bromaniline, which crys- 
tallize in octahedra, and prove itself to be completely identical veith that obtained 
from bromisatine or bromacetanilid by distillation vdth potash. Very different from 
this is the deportment of bromonitrobenzol (/3 bromonitrobenzol) prepared from perbro- 
mide of ^ diazonitrobenzoL On treating this compound with sulphide of ammonium, it 
is certmnly also converted into bromaniline, but this base differs greatly from the above- 
described bromaniline. Ordinary bromaniline (which I would now designate as ot brom- 
aniline) crystallizes, as is well known, in octahedra which fuse at 57'^ C. The new 
base, however (the |3 bromaniline), forms an oil which does not solidify even in winter. 
The chemical deportment of both compounds is the same ; they form, under like condi- 
tions, a series of derivatives which are of the same composition, and differ only in their 
physical properties. 

In order to establish the composition of the (3 bromaniline experimentally, I have 
analyzed the hydrocblorate and its platinum-salt. The hydrochlorate of /3 bromaniline 
forms white, nacreous, brilliant plates, which are readily soluble in water and alcohol, 
and which are rapidly coloured red when exposed to the air. 

0’2605 grm. of substance gave 0T76 grm. of chloride of silver. 

€6H6BrN, HCL 

Calculated. Found. 

Chlorine .... 17*02 per cent. 16*71 

The Platinumrsalt of the Hydrochlorate of Bromaniline, Cg Hg BrN, HG, Pt Gig* 

crystallizes in yellow, often well-formed prisms, which are far more soluble m water 
than the slender highly lustrous plates of the platmum-salt of a bromaniline. 

0'3735 grm. gave 0*097 grm. of platinum. 

CgHgBrN, HQ, PtCIg. 

Calculated. Found. 

Platinum . . . . 26-12 per cent. 25*97 

I need scarcely state that nitrochlorohenzol compounds corresponding to a and /3 nitro- 
bromohenzol can readily be obtained by submitting the platinum-salts of a and /3 diazo- 
nitrobenzol to distillation with carbonate of sodium. These two bodies differ likewise 
most characteristically ; « nitrochlorohenzol crystallizes invmably in long, almost white 
needles w’hich fuse at 83° C., whilst (3 nitrochlorohenzol crystallizes from its ethereal 
solution in thick columns which fuse at 46° C. The former is converted by sulphide of 
ammonium into the ordinary (a) dilaraniline, the latter into a new base {(3 chloraniline), 
which is distinguished by its remaining an oil at the common temperature. The plati- 
num-salt presents itself in the form of yellow crystals, which differ likewise considerably 
in frum and solubiiify from the sm^ slender plates of the platinum-salt of a bromaniline. 
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It may, I think, be safely deduced from these facts that two distinctly different series of 
compounds are obtained by the substitution of two atoms of hydrogen in benzol by two 
different elements, or groups of atoms, according as this substitution is accomplished, 
and that th^e two series differ most distinctly in their physical properties, although their 
chemical composition is the same. The great differences between the fusing-points 
form one of the most important means of distinction between the members of the two 
series. The frising-points of series a lie considerably higher than those of the series ; 
sometimes a difference of 70° C. is observable, as will be seen by the accompanying Table. 

a Series. Series. 


Bromonitrobenzol . . . 126° C. 56° C. 

Chloronitrobenzol . . . 83° C. 46° C. 

Mtraniline ...... 141° C. 108° C. 

Bromaniline 57° C. Liquid at the ordinaiy temperature. 

Chloraniline Liquid at the ordinary temperature. 

Diazo-amidonitrobenzol . 245° G. 195° C. 

Diazonitrobenzolimide . . 71° C. 53° C. 


The compounds to which the experiments just described gave rise belonged exclu- 
sively to the aniline group. Now there could be little doubt that the homologues of 
aniMne, and the similarly constituted bases, migh the also converted into diazo-com- 
pounds. This I have confirmed by experiment, the more readily since it was to be 
foreseen that the decomposition of some of these compounds would give rise to the 
formation of certain bodies which could not have been obtained by the ordinary 
methods, e. g. naphtylic alcohol, the existence of which, however, could not be doubted 
for a moment. 


DIAZOTOirOL COMPOUNDS. 

These compounds exhibit considerable analogy with regard to preparation, solubility, 
and many other properties to the corresponding aniline derivatives. They seem, how- 
ever, to be somewhat more constant, and to crystallize more readily. 


Mtrate of Biazotoluol, GyHgNg, NHO 3 . 

This substance is best prepared by the action of nitrous acid upon an aqueous solution 
of nitrate of toluidine, but it can also be obtained from diazo-amidotoluol. It forms 
long white needles, which are decomposed on boiling with water, according to the follow- 
ing equation : — 

€;H6N2, NH03+H2 0=€7H8 0 +NH 03 +N 2 . 


Nitrate of diazotoluol. 


Cr^yl- 

alcohol. 


The other compounds are readily obtained from the nitmte in the ordinary manner. 
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Sulj^hate of JDia&otoluol^ SH2O4, 

is obtained in brilliant needles, plates, or prisms, according to the circumstances 
under which it crystallizes. On heating with sulphuric acid in the manner described 
when speaking of the sulphate of diazobenzol, it is converted into a sulpho-acid. 

The barium«salt of this acid crystallizes in long white needles, and is disulpho- 
toluylenate of barium, which, according to the subjoined analysis, has the formida 
€;HeSgBagO,. 

0*530 grm. dried at 140° gave 0*276 grm. of sulphate of barium. 

OgHeSgBagO;. 

CalcTilated. Poimd. 

Barium .... 33-99 per cent. 33*74 

Perbromide of Biazotoluol^ O-HgNg, HBr, Big, 
is thrown down as a yellow oil, which, after evaporation of the excess of bromine, soli- 
difies to a crystalline mass. 

Platinum-mlt of the Hydrochlorate of Piuzotoluol^ €7 Hg Ng, HCl Pt Clg, 
is precipitated from a dilute solution of the hydrochlorate of diazotoluol by means of 
bichloride of platinum, and forms fine yellow prisms. When ignited with soda it yields 
an aromatic oil, chlorotoluol (€j Cl). It remains to be seen whether this oil be 
identical, or only isomeric with the chlorobenzyl discovered by Caxizzaeo. 

0*360 grm. of substance gave 0*5765 grm. of carbonic acid and 0*1315 grm. of water. 

0*6305 grm. gave, on ignition with carbonate of sodium. 0*1925 grm. of platinum. 



Calculated. 

. ^ 


Pound. 

e, 

84 

25*92 

26*20 


7 

2-16 

2*43 

Na 

28 

8*63 

— 

Cl, 

106*5 

32*85 

— 

Pt. 

98*7 

30*44 

30-53 


324*2 

100*00 


JHazotoluolramidohenzol^ - 



This body is obtained by the action of aniline upon nitrate of diazotoluol. It crystal- 
lizes in beautiful long yellow needles. 

DIAZOIOTEAmSOL COMPOUNDS. 

These compounds are nearly related to the diazonitrobenzol-compounds, both with 
regard to physical properties and their deportment with reagents. They are prepared 
also in a dmilar manner, and it is only necessary therefore to refer respecting theii* 
preparation to these analogous bodies, 

MDccci4xry. 5 c 
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l!^itraU of Mazcrntrankol^ Hg (NOg) Ng 0, NHO3, 
is obtained from nitrate of nitranisol. It separates from an alcobolic solution on tlie 
addition of ether, forming small white plates, which are difficultly decomposed on 
heating with water, giving rise to the formation of a brownish-red substance. 

Ferhromide of Diazonitranisol, Cj Hg (N92) K2 O, HBr3, 
forms small yellow plates, which, on boiling with alcohol, furnish bromonitranisol 
(€y Hg (NOg) Br), crystallizing in light-yellow opake needles, which may be sublimed, 
and possess the odour of nitrobenzoL 

BiazonUranmlinMe, 

crystallizes in light-yellow needles, and possesses the odour of bitter almonds. 

Flatimm-saU of the Eydrochlorate of Eiazomtranisoh €7 Hg (NO2) Ng 0, HCl, Pt dg- 
When precipitated from a moderately concentrated solution, it forms a yellow^ powder, 
which under the microscope is found to consist of fine needles. Recrystallized from 
boiling wnter, it is obtained in orange-red, well-formed prisms. On heating with carbo- 
nate of sodium chloronitranisol (€7 Hg (NOg) Cl O) distils over, which crystallizes in fine, 
almost white needles. 

0*8795 grm, of the platinum-salt gave 0*222 grm. of platinum. 

€; Hg (NO2) N2 9, Hd, Pt d2 • 

Calculated. Found. 

Platinum .... 25*62 per cent 25*24 

DIAZONAPHTOL COMPOUISDS. 

Nitrate of JHazonaphfol, CjQHgNg, NH93, 

is prepared by the action of nitrous acid on moist nitrate of napthalidine (amido- 
naphtol); an amorphous reddish-browTi substance* is formed at the same time, which 
must be separated by filtration when the reaction is over. ' As nitrate of diazonaphtol 
is not precipitated from its aqueous solution by alcohol and ether, it is not so easily 
obtained in a solid state as the corresponding bodies previously described ; if, however, 
its aqueous solution be allowed to evaporate spontaneously in a shallow vessel, long 
white needles are formed, which are very soluble in water and alcohol, and likewise 
very explosive. 

Perbromide of Piazonaphtol, Cjg Hg > HBr3 , 
is obtained in the form of orange crystals by the action of bromine-water upon the crude 
solution of the nitrate. 

Pl(ztmwmrsalt of the Hydrochlorate of Biazonaphtol, CjgHgNg, Hd, PtClg, 
forms truncated, yellowish crystals, which are almost insoluble in water, alcohol, and ether. 

• Probably impure nitrate of diazonaphtol-amidouaphtdl. 
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1'0565 grm. of substance gave 0*2887 gnu. of platinum. 

OioHfiNg, HCl^PtCa^. 

Calctilated. Fotmd. 

Platinum . . . 27*40 per cent. 27*33 

Diazonaphtolimide^ jN, 

passes over as a yellowish-coloured oil (which becomes brown when exposed to the air) 
by distilling with water the substance obtained by the action of ammonia upon the per- 
bromide. It possesses somewhat the odour of naphtaline. ' 

OBSEETATIONS ON THE PEODECTO OF DECOMPOSITION OF THE DIAEONAPHTOL 

COMPOUNDS. 

After being convinced that the products of decomposition of the diazonaphtol com- 
pounds so much resembled those of the other diazo-bodies, I could not entertain for a 
moment the intention of pursuing their study in all directions, especially since known 
bodies would frequently have formed the subject of such study. The decomposition of 
the perbromide, for instance, by means of alcohol gives rise to the formation of bromo- 
naphtaline, that of the platinum-salt when ignited with carbonate of sodium to the 
formation of chlomaphtaline. I thought it, however, of sufficient importance to ascer- 
tain whether nitrate of diazonaphtol would split up according to the equation 
€,o He NHO3+H2 O=€io Hg 

since the possibility of obtaining the long-sought-for naphtyl-alcohol presented itself. 
On boiling the solution of the nitrate of diazonaphtol, an immediate evolution of gas 
takes place, and a viscid nolet-brown mass separates which remains on the filter when 
the solution is filtered hot. 

The filtrate deposits generally small white plates, retaining, however, a portion of 
the substance dissolved, which can be recovered by shaking the aqueous solution with 
ether. On evaporating tiie ether it remains behind as a violet-coloured oil which 
quickly solidifies. This latter, as well as the plates first deposited, is in fact almost 
pure naphtyl-alcohol, whilst the violet-brown mass on the filter contains, besides naphtyl- 
alcohol, a considerable quantity of a reddish-brown body. In order to purify the 
naphtyl-alcohol, the united portions are treated with a cold solution of potassa, the 
residuary brown-red body* is filtered off, and the filtrate treated with acetic add as 
long as precipitation ensues. Naphtyl-alcohol separates first as an oil, soon solidifying 
to a network of small plates, which are still somewhat violet-coloured. They are thrown 
on a filter, washed with cold water (which removes the mother-liquor), and then submitted 
to distillation. 

* This body is soluble in alcohol, to which it imparts a blood-red colour. On. coneeutrating the alcoholic 
solutioE, reddish-brown indistinct crystals are deposited, which, on nibbing, acquire a green metallic lustre. 

6c2 
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This process must be repeated until the mass of crystals, which is iuTariably found 
deposited in tbe condensing-tube, is quite white, and Bises, on heating, to a limpid oiL 
This body gave on analysis the following results : — 

0*2008 grm. of substance gave 0*6138 grm. of carbonic add and 0*1047 grm. of water. 



Calculated. 


Found. 

^10 

120 

83*33 

83*57 

Hg 

8 

5*56 

5*81 

0 

16 

11*11 

— 


*144 

100*00 



Naphtyl-alcohol crystallizes in small white shining plates, fosing at 91° C. to a colour- 
less, highly refractive oil which may be volatilized without decomposition. It is but 
slightly soluble in water, readily soluble in alcohol, ether, and benzol. 'WTien inflamed 
it bums with a thick smoky flame. Its formation and its physical properties prove its 
relationship with phenylic alcohol ; it possesses a similar burning taste, and a creosote- 
Mke odour somewhat resembling that of naphtaline. The relation between it and phe- 
nylic alcohol is likewise indicated by its chemical deportment. It stands on the same 
narrow boundary line between acid and alcohol ; and naphtyl-alcohol may, in like manner 
with phenol, be classified with alcohols or with acids. The strong bases form with the new 
alcohol (acid) a series of salts which are as unstable as those of phenylic add, and are 
mostly decomposed even by the carbonic add of the air. The potassium- or sodium-salt 
may also be obtained by the action of the respective metals upon the fused naphtylic 
acid with evolution of hydrogen. In both cases a crystalline saline mass is obtained 
which dissolves in water and alcohol. Basic acetate of lead produces in a solution of 
naphtyl-alcohol a white voluminous predpitate. An ammoniacal silver solution is 
decomposed, metallic silver being deposited. Nitric add of sp. gr. 1*4 dissolves naphtyl- 
alcohol in the cold with evolution of red fumes. If the solution be boiled for some time 
and water added, a difficultly-soluble yellow acid precipitates, whilst a second readiiy- 
soluble add is deposited in yellow crystals on evaporating the mother-liquor. The latter 
appears to be the picric acid of the naphtyl group. By treating the aqueous solution of 
naphtyl-alcohol with bromine-water, it depodts bromonaphtylic acid in the form of an 
oil which speedily crystallizes. 


Many of the experiments described here and in the previous part of this inv^tiga- 
tion, have been made in the laboratories of the Koyal College of Chemistry, London, 
and the University of Marburg ; and it gives me great pleasure to express my sincere 
thanks to Professors Hofmann and Kolbe for the kind manner in which the laborato- 
ries of these institutions have been placed at my disposal 
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All the diazocompounds which have formed the subject of Parts 1. and II. of this 
inquiry are derived from monoamidocompounds. If the composition of thei latter be 
again expressed by the general formula (see page 667), it is at once 

perceived that the process of formation of the diazo-compounds is similar to the reaction 
which takes place by the action of nitrous acid on ammonia : 

I. + NH02 = •. 

Monoamido-compound. Biazo-compound. 

II. (^ 3 )" + NHO,=(NJ' + 2H;0. 

Ammonia. Nitrogen. 

By viewing the diamido-compounds in like manner as represented by the general 
formula (NH 3 )/, 0 ^, it is evident that the action of nitrous acid may give rise 

to two decompositions : 

L G, H„_,, (NHj)?' 0^+NHO,=G, (NH,/' (N/ Q^+2^, 0. 

IL G. {NH 3 )? 0,+2NHQ2=€.H,-4,(N4r<?.+4H3 0. 

The hydrogen contained in one atom of ammonia can thus be replaced by nitrogen, 
or both atoms of ammonia present in the original compound may be replaced by nitro- 
gen, giving rise to a tetrazo-compound. 

Although this theory has not been fully confirmed by the action (presently to be 
described) that nitrous acid exerts on benzidine, since an intermediate compound 
according to equation I. could not be obtained, it is nevertheless highly probable that 
nitrogenous compounds in accordance with equation I. exist, and that further experi- 
ments uith other diamido-compounds will confirm this view. 

Action of Nitrous Add upon Benzidine, 

Benzidine, which Zinin, its original discoverer, expressed by the formula 

has been found, on further investigation by P. W. Hofmann, to have double the atomic 
weight first assigned to it, and to be a base capable of combining with two molecules of 
add. Very recently Fittig has shown that it must be viewed as the diamido-compound 
of his newly discovered hydrocarbon-phenyl, and that it ought to be expressed by the 
rational formula Ojg Hg (NH 2 ) 2 , or €j 2 Hg (NHg/'g* I entirely abide by Fittig’s view, 
but find it necessary to select for both compounds a somewhat modified nomenclature, 
in order to avoid the use of the same names for some derivatives of these bodies (which 
I shall have occasion to describe) already employed for several long-known derivatives 


♦ It mast "be bonie in mind that nitrons add ada upon the nitrates of the mnido-compoimds j if otherwise, 
the reactions would jB«equentiy give rise to the formation of diazoanudo-compounds formerly d^cribed by me. 



m 


m P, BWm OF A FEW SERIES OF BODIES IF 

of phenylic acid. I propose, therefore, to designate Fimo’s hydrocarbon, Ojg as 
diphenyl, and to call benzidine diamidodiphenyl. 

Nitmte of Tetrazodifphmyl^ €34 HgN4, 2NHO3. 

This compound is most readily and copiously obtained by passing nitrous acid through 
a cold concentrated aqueous solution of nitrate of diamidobenzidol, when only traces of 
a brown amorphous body are formed, whilst from an alcoholic solution the latter is 
deposited in considerable quantities. When a sufficient current of gas has been passed 
through the solution, the brown body is separated by filtration, the filtrate mixed with 
twice its volume of strong alcohol, and ether added as long as any white crystals are depo- 
sited. By once more dissohing the crystals in a very small quantity of water, and 
reprecipitating with alcohol and ether, they are obtained perfectly pure : it will be readily 
perceived that this mode of preparation closely resembles that for the preparation of 
nitrate of diazobenzol, which body presents a strikmg analogy to the nitrate of tetrazo- 
diphenyl. The latter crystallizes in white or slightly yellowish-tinged needles, which 
are readily soluble in water, more difficultly so in alcohol, and insoluble in ether. On 
heating they explode with the same violence as the analogous diazo-compound. 

Sulphate of Tetrazodiplienyl, €i2HgN4, 3SH2O4. 

After mixing a concentrated aqueous solution of the nitrate of tetrazodiphenyl with a 
sufficient quantity of cold sulphuric acid, diluted previously with its own bulk of water, 
this new body separates, on the addition of strong alcohol, either in the form of a white 
crystalline powder, or in white needles. If alcohol does not completely precipitate it, 
ether must be added to complete its separation. It is very soluble in water. On heating 
in a dry state an explosion ensues. 

I. O’ 820 grm. of substance gave, on direct precipitation with chloride of ■barium, 
O’ 811 grm. of sulphate of barium. 

II. 0*441 grm. gave 0*4355 grm. of sulphate of barium. 


Calculated. 


Found. 

A 





I? 


412 

58*36 

— 

— 

8SH204 

294 

41*64 

41*60 

41*54 


m 

100*00 



This compound partakes 

of the nature of an acid salt. 



Platinum-salt of the Hydrochlorate of Tetrazodiphenyl, 0^2 Hg N4, 2HC1, 2Pt Qig. 

This salt is precipitated from a moderately dilute solution of the nitrate or sulphate 
by means of bichloride of platinum. It forms light-yellow very small narrow plates. 
By employing a very dilute solution, it falls slowly, in small, elongated, well-formed 
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hexagonal plates. These cry^s are almost insoluble in water, alcohol, and ether. 
Exposure to light during drying causes them to assume a ^ghtly brown colour. 

0'6125 grm. gave 0*5252 grm. of carbonic acid and 0*1)915 grm. of water. 

0*6065 grm. gave 44*1 cub. centims. of nitrogen at 0° C. and 760miliims. bar. pres- 
sure, =0*055415 grm. * 

0*739 grm. gave on ignition with carbonate of soda 0*232 grm. of platinum. 



Calculated. 

A 


Found. 

Gi2 

144 

23*29 

23*38 

He 

8 

1*30 

1*06 

N4 

56 

9*05 

9*44 

Pt2 

197*4 

31*92 

31*40 

CI4 

213 

34*44 

— 


618*4 

100*00 



Perhr amide of TetTazodi]^lienyl^ €i 2 HgN 4 , 2HBr, Br^. 

This compound is formed on the addition of bromine-water to an aqueous solution of 
the nitrate of the tetrazodiphenyl, being precipitated in the form of round reddish 
crystals, which are collected on a filter, thoroughly washed with water, and dried vtithout 
delay over sulphuric acid and caustic lime. They are thus obtained sufficiently pure 
for analysis. Further purification indeed is impossible, since this body is decomposed 
by dissoh’ing in alcohol, with evolution of gas. Even at the ordinary temperature it 
undergoes a gradual decomposition and evolves bromine, which is recognizable by its 
odour. For this reason the bromine-determinations, which were made with portions of 
this body that had been left for several days under the desiccator, were found a little too 
low. 

I. 0*583 grm., decomposed with alcoholic potash, gave 0*931 grm. of bromide of silver 
=67*96 per cent. 

II. 0*742 grm. gave, on ignition with caustic lime, 1*192 grm. of bromide of silver 
=68*36 per cent. 

2HBr, Br^. 

Foimd. 

A ^ 

Calculated. I. II. 

Bromine t . . . . 69*77 67*96 68*36 

TetrazMphenyl-amidohenzol^ ^ H; N >• 

j 

By adding aniline to an aqueous solution of nitrate of tetrazodiphenyl, this complex 
substance, corresponding to the diazo-amidobenzol in the diazobenzol series, is at once 
separated as a yellow crystalline mass; by repeatedly washing with alcohol it is easily 
obtamed in a pure state for analysis. 
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0*2693 gnn. gave 0*7233 gnn, of carbonic acid and 0*1315 grm. of water. 
These numbers correspond to the above formula, ^24 ^ 6 * 



Calculated. 


Found. 

€24 

288 

73*47 

73*24 

H 20 

20 

5*10 

5*42 


84 

21*43 

— 


392 

100*00 



The formation of this new substance can be expressed as follows : 



Kitrate of tetrazo- Aiiilme, Tetrazodiphenyl- Nitrate of aniline, 
diphenyl. amidobenzol. 


Tetrazodiphenyl-amidobenzol is insoluble in water, and, although very little soluble 
even in boiling alcohol and ether, can be recrystallized from them. By this means 
lance-shaped crystals are obtained, which are generally grouped together in a star-like 
form. When heated they explode; boiled with mineral acids they are decomposed 
with evolution of nitrogen gas. 

DijihmyUmide, ^^ 12 ^ 6 ^ 4 ) 

This body is obtained in crystals when the perbromide is acted upon by solution of 
ammonia. The crystals are purified by repeated recrystallization from strong alcohol, 
when they are obtained in small very brilliant white, or slightly yellowish plates, inso- 
luble in water, very difficultly soluble in cold alcohol, and only moderately soluble in 
ether. Boding alcohol, however, dissolves them very readily, and yields on cooling a 
mass of crystals. The compound fuses at 127° C. to a yellow oU, which is decomposed 
at a higher temperature, giving rise to slight explosions. It does not combine with 
acids or alkalies, and is perfectly neutral to test-paper. No change is produced even by 
boiling with concentrated hydrochloric acid, nor with aqueous or alcoholic potash. It 
is decomposed, how*ever, by nitric or strong sulphuric acid. 

I. 0*2503 grm. of substance gave 0*5577 grm. of carbonic acid and 0*0816 grm. of 
water. 

II. 0*3118 grm. gave 0*6918 grm. of carbonic acid and 0*0983 grm of water. 



Calculated, 

A 


Found. 

A 

r ' 


1 

' I. 

n.' 


144 

61*02 

60*76 

60*51 

Hs 

8 

3*39 

3*62 

3*50 

Ne 

84 

35*59 

— 

— 


236 

100*00 
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Tlie formation of this compoimd may be expressed by the following equation : — 
2HBr^*+8NH3=€i2H8 Ng+GNH, Br. 

Perbromide. Tetrazodipbenjiimide. 


It has been my endeavour to study somewhat more closely the compounds which 
tetrazodiphenyl forms with metallic hydrates, but aU my attempts to obtain them more 
definitely have failed, and their preparation seems indeed to be beset with insurmount- 
able (hificulties. I omit a lengthened description of the unsuccessful attempts, and will 
merely show by one instance how tetrazodiphenyl can play the part of an acid. An 
aqueous solution of nitrate of tetrazodiphenyl, when mixed with caustic potash, yields a 
yellow liquid exhibiting such properties as might be looked for in arsolution of the com- 
pound of hydrate of potassa with tetrazodiphenyl. On treating it with chloride of pla- 
tinum, it gives rise to the formation of the platinum-compound above described, a proof 
that the tetrazodiphenyl remains unchanged in the alkaline solution. It is invariably 
decomposed on the application of heat, with evolution of gas and separation of a reddish- 
brown amoi-phous substance. 


PEODUCTS OF DECOMPOSITION OF THE COMPOUNDS OF TETEIZODIPHENYL. 

By applying the laws of classification just now accepted by chemists to the tetrazotized 
derivatives of benzidine, specially taking into account their manner of formation and 
combination, these bodies must be classified with the diatomic compounds, whilst the 
respective diazo-corapounds belong to the monatomic bodies. It has been of late a 
favourite subject of chemical research to trace the analogies which monatomic bodies 
exhibit under the influence of certain agents with polyatomic bodies. In illustration of 
this I may refer to the results obtained in the comparative study of the products of 
decomposition of the ethyl- and ethylene-alcohols in order to show how simple are the 
laws which regulate these chemical transformations. The experimental results which 
I bxol able to adduce prove likewise that the decomposition of the tetrazo-compound 
gives rise to derivatives w'hich difier in nothing from those obtained under similar 
circumstances from diazo-compounds, beyond the distinctive features imparted to them 
by the polyatomic nature of the compound from which they are derived. 

Action of Water ti^on Nitrate of Tetrazodiphenyl. 

An aqueous solution of this body, when left in a cold place, gradually undergoes a 
spontaneous decomposition. When heated it gives rise to a copious evolution of nitrogen 
ga^ with separation of two substances— -one an amorphous brown, and the other a white 
crystalline body. An addition^ quantity of the latter is obtained when the liquid has 

* UeaTiiig aside the hydrobromie acid, this compound may be looted upon as the bromide of a tetratomic 
radical (Ujg Hg N^)^’ Br^. 
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become quite cold. It is easy to separate these two bodies by filteriDg off the acid 
mother-liquor, pressing the residue between bibulous paper, and repeatedly extracting 
with dilute alcohol, ‘ which takes up the crj^stalline substance and leaves the brown 
body undissolved : this latter being very probably identical with the brown compound 
obtained as a by-product in the formation of nitrate of tetrazobenzidol, and being 
moreover of a very unpromising nature, I have not pursued its study any further. The 
crystalline product of decomposition dissolved by the alcohol is obtained on evaporation 
as a yellowish crystaihne mass, from which the least traces of the brown body are removed 
by repeatedly dissohing in ether, and lastly recrystallizing from dilute alcohol. 

0*3037 grm. of substance gave 0*8603 grm. of carbonic acid and 0*154 grm. of water. 

Qualitative tests showed the absence of nitrogen ; these numbers correspond therefore 
vdth the formula €|2 Hjq Og, as will be seen from the following calculations : — 



Theory. 


Expeiimeiat. 

( ^ 

^'12 

144 

77*42 

77*26 

Hio 

10 

5*38 

5*63 

O 2 

32 

17*20 

— 


m 

100*00 



The formation of this compound, for which I propose the name of diphenyl-alcohol 
or diphenylic acid, takes place according to the equation 

CisHgN,, 2NPIO3 + 2H2O = G12H10O2 -f 2NHO3 + 4 N. 

Nitrate of tetrazodiphenjl. Diphenyl-alcohoL 

Diphenyl-alcohol (diphenylic acid) crj^stallizes in small white, or slightly tinged plates 
or needles, w’^hich possess slight solubility in water, but are soluble to any extent in 
alcohol and ether. It fuses on heating, and can be sublimed in small quantities by 
heating it cautiously in a test-tube. It is thus obtained in the form of soft, white, 
very lustrous plates. The chemical deportment of diphenyl-alcohol shows it to be 
most closely allied to the class of compounds the best-known representative of which 
is phenyiic alcohol. It may in fact he considered as the first biatomic representative 
of this peculiar group of chemical compounds. The new alcohol is readily soluble in 
potash, and can be reprecipitated by the addition of an acid. Concentrated ammonia 
also dissolves it. On heating an ammoniacai solution with basic acetate of lead, a white 
voluminous precipitate ensues. Heated with ordinary strong nitric acid it is changed 
into a nitro-acid, which crystallizes out in yellow roundish crystals ; the ammonium-salt 
of this acid crystallizes in beautiful long needles. 

Actimi of Alcohol u^on Sulphate of TetrazodiphenyL 

On heating an admixture of alcohol and sulphate of tetrazodiphenyl, violent decom- 
position takes place. The products formed are nitrogen, sulphuric acid, and a soHd sub- 
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tance, which separates in small indistinct plates on mixing the alcoholic fluid (after the 
reaction is entirely over) with a large quantity of water. In order to free the precipi- 
tate from a trace of a brown substance, which likewise forms in the reaction, it is filtered 
off from the mother-liquor, dried, and then sublimed through paper, accor^g to the 
method proposed by Gobup-Besanez. The substance is thus obtained in the form of 
perfectly white plates, which dissolve easily in ether and hot alcohol, and which crystal- 
lize from the latter very much like naphtaline. The new compound fuses at 70° C. to 
an oil, which distils at a higher temperature without decomposition. It possesses a 
peculiar aromatic odour like that of cinnamol and benzol combined. 

OT787 grm. of substance gave 0*607 grm. of carbonic acid and 0T07 grm. of water. 

These numbers lead to the formula Gjg 



Calculated. 

A 

Found. 


144 93-o0 

92*70 

H.o 

10 6-50 

6*65 


154 100*00 



Its chemical composition, combined with the before-mentioned physical properties, 
prove that the hydrocarbon is identical with the diphenyl described by Fittig*. Its 
formation may be described by the following equation : — 

2(€j2l^4, SSH2O4) -f dC.HgO = 2G12H10 + 4^2 H4O + Ng + 6SH2O4. 
Sxdphatc of totrazodiphenyl. .Ucohol. Diphenyl. Aldehyde. 

Nitrate of tetrazochphenyl is decomposed in a similar manner by boiling alcohol, but 
simxdtaneously the formation of a yellow nitro-acid takes place, which stands probably 
to the diphenylic alcohol in the same relation as the nitrophenol to phenylic alcohol 
(compare also the corresponding decomposition of nitrate of diazobenzol, p. 683). 

Action of Sulphuric Acid upon Sulphate of Tetrazodiphenyl. 

On heating sulphate of tetrazodiphenyl dissolved in a small quantity of oil of vitriol, 
a violent evolution of nitrogen gas is obsennd. The brown liquid which remains after 
the reaction has ceased contains, besides the excess of sulphuric acid employed, two new 
sulpho-acids, which can be separated by means of their barium-salts. For this pmpose 
the brown liquid is diluted with at least thirty times its volume of water, boiled, and 
saturated with carbonate of barium. The precipitated sulphate of barium is then fil- 
tered off, the saline solution evaporated to dryness on the ’water-bath, and the residue 
several times extracted yvith hot water. The portion remaining undissolved is the 

♦ If ihe diphenyl, prepared according to my method, has not been previously sublimed through paper as 
described, it crystallizes only in the form of small indistinct sfiveiy white plates, which we so different from 
the large naphtahne-like plates described by Fettig, that th^ appear at first sight to be crystals of quite a dif- 
ferent compound. 
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barium-salt of a new add which I will call tetrasulphodiphenylenic acid; the soluble 
portion contains another new acid, for which the name trisulphodiphenylenic add may 
be adopted. 

I will first endeavour to give a brief description of the former. The barium-salt of 
this add, obtained as before mentioned, being only very slightly soluble in water, could 
not well be purified by recrystallization ; I preferred therefore to convert it into the 
ammonium-salt, which serv ed me as a starting-point for the prepaiution of all the saline 
compounds presently to be described. The ammonium-salt is readily obtained by 
decomposing the barium-salt with a solution of carbonate of ammonium. The mixture 
is heated for a short time, the insoluble carbonate of barium filtered off, and the filtrate 
concentrated on a water-bath till the ammonium-salt crystallizes out on cooling. One 
recrystallization from alcohol renders it in the form of perfectly pure white prisms. 

Barium-salt of TetrasuI^Jwdiphmylenic Acid^ 0^2 Hg, S4 H2 Ba4 O15. 

To a rather concentrated boiling solution of the ammonium-salt chloride of barium is 
added, when this salt is precipitated as white needles or prisms ; the crystals are allowed 
to subside, and, after the mother-liquor has been separated by filtration, repeatedly 
washed with cold water ; in this manner they are obtained quite pme. The substance 
employed for the following analyses was dried between 150° and 160°. 

I. 0-612 grm. gave 0*4055 grm. of carbonic acid and 0*070 grm. of water. 

II. 0*365 grm., decomposed by nitric acid, gave 0*4327 grm. of sulphate of barium, 
corresponding to 16*28 per cent, of sulphur. 

III. 0*2845 grm., treated with sulphuric acid, gave 0*177 grm. of sulphate of barium 
=34*14 per cent, of barium. 

IV. 0*6185 grm., treated as before, gave 0*4327 grm. of sulphate of barium= 34*77 
per cent, of barium. 

These numbers lead to the formula 


€12 Hg S4 Ba4 Ojg. 



Calculated. 


Pound. 

A 


r ' ' ' 

^12 

144 

N 

18*14 

r 

I. 

18*07 

11. III. 

IT. ' 

Hs 

8 

1*00 

1*27 






128 

16*21 

— 

16-28 

— 

Ba4 

274 

34*51 

— 

34*14 

34*77 

^15 

240 

31*35 

— 



— 


794 

100-00 





Dried over sulphuric acid, the salt retains four molecules of water of crystallimtion. 
0*452 grm., dried as above, lost between 150° and 160° 0*037 grm. of water. 

D42 Hg B3'4 ^4 045-|“4H2 O. 
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Calculated. Found. 

4 H 2 O . . . . 8*03 8-00 

If the ammonium-salt of tetrasulphophenylenic acid be, instead of chloride of barium, 
treated with baryta-water, another barium-salt is formed, which, according to the sub- 
joined barium-determination, has the composition Cjg Hg, S 4 Bag O 45 . It is precipitated 
as a white amorphous powder, which, on washing with water, is converted into small 
prisms. 

0*6085 grm., dried at 150°, gave 0*4585 grm. of sulphate of barium. 

^12 ^4 ^15* 

Calculated. Found, 

Ba . . . . 44*24 44*29 

Silver-salt^ ^2^6’ ^4H3Ag3 0j5. 

On mixing a concentrated solution of the ammonium-salt with an equally concen- 
trated solution of nitrate of silver, separation of warty crystals of this salt takes place 
after some time. They may be purified by recrystallization from water, in which they 
are easily soluble. The concentration of their solution must be conducted in vacuo. • 

0*3955 grm., dried at 150°, gave 0*2025 grm. of chloride of silver. 

C,,H,S,Ag 30 „. 

Calculated. Found. 

Ag . . 38*34 38*50 

0*4205 grm, of silver-salt, dried over sulphuric acid, lost at 150° 0*025 grm. of water. 

GijHgS.AgjGis+SH^O. 

Calculated. Found. 

... . 6*00 5*95 ■ 

When describing disulphophenylenic acid (page 687), it was shown that it is capable 
of forming two series of salts exhibiting an analogous relationship to each other, as 
metaphosphates to ordinary phosphates. Tetrasulphodiphenylenic acid behaves in a 
similar manner. Thus the salts previously described point most naturally to the con- 
clusion that it is hexabasic, while the salts which will be presently mentioned indicate 
its capability of ai^uming also an octabasic character. 


Lead/Salt^ 'Oj2Hgj S^PbgOjg* 

When a boiling solution of tetrazodiphenylenate of ammonium is mixed with a solu- 
tion of neutral acetate of lead, this salt is precipitated in the form of white needles. 
Eepeated washings with water render it quite pure. 

1*0195 gruL, dried at 150°, gave 0*3797 gnn. of carbonic acid and 0*054 grm. of water. 
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0‘3135 grm.^ gave 0-2755 grm. of sulphate of lead, corresponding to 60-04 per cent 
of lead and 9-28 per cent of sulphur. 

^12 ^4 ^16 • 



Caleulated. 


Found, 

f 

^12 

144 

10-57 

10-16 

Ho 

6 

0-45 

0-59 

Pbj 

828 

60-79 

60-04 

S4 

128 

9-39 

9-28 

^16 

256 

18-80 

— 


13^ 

100-00 



Basic Lead-salt, € j2 H g , S 4 Pbg 0 jg -f P4 ^2 • 

This salt is obtained by treating the hot solution of the ammonium-salt with basic 
acetate of lead. It is a w'hite amorphous precipitate. 

0-5935 grm,, diied at 150^, gave 0-592 grm. of sulphate of lead, 

C j2 Hg S4 Pbj2 O18 • 

• Calculated. Pound. 

Pb . . . . 68-69 68-14 

Tetrasulphodiphenylenic acid is easily to be obtained in a free state, either by decom- 
posing the lead- or silver-salt with sulphuretted hydrogen, or by treating the barium-salts 
with an equvalent quantity of sulphuric acid. The filtered aqueous solution is evapo- 
rated on a water-bath to a syrupy consistence, and placed over sulphuric acid; after 
some time white needles or plates are obtained, w^hich are verj^ soluble in water and 
alcohol, but not deliquescent in the air. I have not yet analyzed this acid ; but accord- 
ing to the above-mentioned salts it seems very probable that it can exist in tw’o different 
states, as expressed by the formulm Gy, ^^ 6 ’ ^8 


The second compound (trisulphodiphenylenic acid) to which the reaction of sulphuric 
acid or sulphate of tetrazobenzidol gives rise deserves likewise a few passing remarks. 
The separation of its barium-salt from the barium-salt of tetrasulphodiphenylic acid 
by means of hot water has already been described. The aqueous extracts thus obtained, 
sufficiently evaporated and allowed to cool, will generally solidify to a gelatinous mass 
from which distinct crystals cannot be obtained, even by repeated solution and evaporation. 
CrystaUization may, however,, be effected thus : The gelatinous salt is converted into the 
ammonia-compound, by boiling with an aqueous solution of carbonate of ammonium. 

* This sTibstance was trailed with coneeatrated nitric acid till red fames ceased to be evolved, and evapo- 
rated to dryness. The sulphate of lead was then collected on a filter and weU ws^ed with alcohol; the Meo- 
holic filtrate contains neither a trace of lead nor snl^nric acid. 
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The excess of ammonia is removed by evaporation, and the crystalline residue dissolved 
in a little hot water and treated with a solution of chloride of barium. On cooling, 
warty ciy’stals, or globular groups of small plates, of the barium-salt are obtained, 
which can be freed fi'om the difficultly-soluble tetrasulphodiphenylenate of barium with 
which it may still be contaminated, and also from tlie mother-liquor, by repeated 
crystallization from water. 

The analysis of this salt (dried at 130° C., at which temperature it turns to a dirty 
green colour owing to the loss of water of crystallization) gave the following numbers : 

0*526 grm. of substance gave 0*4403 grm. of carbonic acid and 0*0766 grm. of water. 

0*453 grm. gave 0*2535 grm. of sulphate of barium. 

0*3605 grm. gave 0*388 grm. of sulphate of barium. 

These amounts lead to the formula 


Gj 2 Hg S3 H Ba.^ Oij . 



Calculated. 


Found. 


144 

22*91 

22*80 

H; 

7 

1*11 

1*60 

Baj 

205*5 

32*70 

32*80 

S;. 

96 

15*28 

14*78 

On 

176 

28*00 

— 


028*5 . 

100*00 



Lead-salt, C\ 2 Hg, S 3 PbgOj 2 . 

White amoi’phous precipitate obtaiued by treating a hot solution of the barium-salt 
with a solution of neutral acehate of lead, 

0*711 grm., dried at 130^, gave 0*604 grm. of sulphate of lead. 

C\2Hg, S3PbgO,2. 

Calculated. Foimd. 

Pb . . . . 58*63 58*05 

0*7375 grm., dried over sulphuric acid, lost at 130® 0*0265 grm. of water. 

€i,HeS3Pbe0,,+2H,0. 

Calculated. Found, 

411, 0 .... 3*29 3*52 

Basic Lead-salt, Gjg Hg, S 3 Pbg O 125 Pb 4 O 2 , 

is precipitated from a solution of the ammonium- or barium-salt with basic acetate of 
lead. It scarcely differs in its properties fi'om the previous salt. 

0*750 grm., dried at 130°, gave 0*2483 grm. of carbonic acid and 0*0557 grm. of water. 
0*5395 grm,, dried at the same temperature, gave 0*532 grm. of sulphate of lead. 
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Calculated. 


Found. 

Cj, 

144 

9*57 

9*03 

He 

6 

0*40 ' 

0*82 

S3 

96 

6*38 

— 

Pbjo 

1035 

68*77 

68*69 

014 

224 

14*88 

— 


1505 

10000 



Trimlphodiphmylenic Add 

is obtained in a free state in exactly the same manner as tetrasulphodiphenylenic acid, 
which it resembles in every other respect. It is evident at a glance that its composition 
may also be expressed in two different ways, viz. €j 2 Hg, S 3 Oji , or Oj 2 Hg, hy Hg Oj 2 . 


In accordance with the experiment just described, the decomposition which the tetrazo- 
diphenyl undergoes by the action of sulphuric acid may be expressed by the following 
equations : — 

1. Gj 2 Hg N4 -}- S4 Hg Oig= l^i2 Hg S 4 Hg Ojg -f X4. 

Tetrazodiphenyl. Tetrasulplio^plieiiyleiiic 

acid. 

II. €12 S 3 H, 0 ,,=C^ S 3 H, Oj 2 + N4. 

Tetrazo^phenyl. Trisulphodiphenylenie add. 

Decomposition of the Platinum-salt of Tetrazodiphenyl and of the Perlromide. 

On mixing the platinum-salt of tetrazodiphenyl with from four to six times its weight* 
of carbonate of sodium, and heating the mixture in a retort, a copious evolution of gas 
speedily ensues ; and on increasing the heat an oily body distils, which solidifies in the 
neck of the retort to a white mass. By pressing this body between bibulous paper, and 
by repeated recrystallization from boiling alcohol, it is obtained perfectly pure. Analogy 
leads to .the supposition that the formation of this body takes place according to the 
equation 

Gi2HgN4, 2HC1, 2Fta2=C\2H8Cl2+Cl4-fPt2+N4. 

Platinum-salt. New body. 

The following chlorine-determination corroborates this transformation : — 

0’235 grm. gave 0*2938 grm. of chloride of silver = 30*93 per cent, of chlorine. 

Calculated. Found. 

Chlorine = 31*84 per cent, 30*93. 

This new body, which I will call dichlorodiphenyl, crystallizes in white, usually well- 
formed prisms ; it is difficult of solution even in boiling alcohol, but readily soluble in 



WHICH KITBOHEN IS SHBSTEPUTED POE HTDEOHEN. 731 

ether, and qtdte insoluble in water. It fuses at 148° C. to a yellowish oil, which can be 
distilled without decomposition. 

On heating in like manner the perbromide of tetrazodiphenyl with carbonate of 
sodium, a mixture of bromine and nitrogen gas is evolved, and on heating more strongly 
an oily substance distils over, which quickly solidifies. It is obtained pure for analysis 
by repeated recrystallization from ether. 

0*322 grm. gave 0*5513 grm, of carbonic add and 0*082 grm. of water. 

These numbers correspond, as might be expected, with the formula 



Theory. 

^12 

Experiment 

G,j 

144 

46*15 

46*69 

Hs 

8 

2*57 

2*84 

Brj 

160 

51*28 

— 


312 

100*00 



This compound, which may be called dibromodiphenyl, resembles the previously 
described chlorine-compound ; it crystallizes likewise in well-formed prisms, which appear 
to be even more insoluble in alcohol and ether than the above, and which fuse at 164° C. 
This substance is obtained, moreover, by boiling the perbromide with alcohol, as in the 
following equation : — 

^12 ^6 ^4 ^2 ^^2 ^^4 ^ ^12 ^^2 " 4 “ N 4 - 1 - Br 4 . 

Perbromide. Dibromodiphenyl, 

The substance separates fi-om the alcoholic solution on cooling in crystals; it is best 
purified by distillation. 

Dr. Fittig informs me that he obtained a compound of like composition by acting 
with bromine upon diphenyl. The description of this new compound given by him 
applies so entirely to the dibromodiphenyl prepared by me, that no doubt remains of 
the identity of the bodies obtained by different methods. 
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XIX. On the JDifferential EqmUom which determine the form of the Boots of Algebraic 

Equations, ' 

By Geokge Boole, F.BB., Professor of Mathematics in Queen's College, Cork. 

Eeceived April 27, — May 26, 1864. 


1. Mr. Harley* has shown that any root of the equation 

l)a^=0 

satisfies the differential equation 






in which ^:=.x, and provided that n be a positive integer greater than 2. This 

result, demonstrated for particular values of n, and raised by induction into a general 
theorem, w'as subsequently established rigorously by Mr. Cayley by means of Lagrai^ge’s 
theorem. 

For the case of nz=z2, the differential equation was found by Mr. Harley to be 

y-^^^y=¥ ( 2 ) 


Solving these differential equations for the particular cases of n=2 and w=3, 
Mr. ILyrley arrived at the actual expression of the roots of the given algebraic equation 
for these cases. That all algebraic equations up to the fifth degree can be reduced to 
the above trinomial form, is well known. 

A solution of (1) by means of definite triple integrals in the case of w=4 has been 
pubhshed by Mr. W. H. L. Eussell ; and I am informed that a general solution of the 
equation by means of a definite single integral has been obtained by the same.atiaiyst. 

While the subject seems to be more important with relation to differential than with 
reference to algebraic equations, the connexion into which the two subjects are brought 
must itself be considered as a very interesting fact. As respects the former of these 
subjects, it may be observed that it is a matter of quite fundamental importance to 
ascertain for what forms of the function <p (D), equations of the type 

(3) 

admit of finite solution. We possess theorems which enable us to deduce from each 
knowm integrable form an infinite number of others. Yet there is every reason to think 

* Proceedings of the Literary and Philosophical Society of Manchester, No. 12, Session 1S61-62. 

6 e 2 
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that the number of really primary forms — of forms the knowledge of which, in combi- 
nation with such known theorems, would enable us to solve all equations of the above 
type that are finitely solvable — is extremely small. It will, indeed, be a most remark- 
able conclusion, should it ultimately prove that the forms in question stand in absolute 
and exclusive connexion with the class of algebraic equations here considered. 

The followii^ is ^ contribution to the general theory under the aspect last 
mentioned. La endeavouring to solve Mr. Haeley’s equation by definite integrals, I 
was led to perceive its relation to a more general equation, and to make this the subject 
of investigation. The results will be presented in the following order : — 

First, I shall show that if u stand for the 771 th power of any root of the algebraic 
equation 

— 1 = 0 , 

then considered as a function of will satisfy the differential equation 

[D]»«+ A=0, 

in which D= L and the notation 


is adopted. 

Secondly, I shall show that for particular values of 771 , the above equation admits of 
an immediate first integral, constituting a differential equation of the 77 — 1th order, and 
that the results obtained by Mr. Haelet are particular cases of this depressed equation, 
their difference of form arising from difference of determination of the arbitrary con- 
stant. 

Thirdly, I shall solve the general differential equation by definite integrals. 

Fourthly, I shall determine the arbitrary constants of the solution so as to express 
the TTith power of that real root of the proposed algebraic equation w^hich reduces to 1 
when ^=0. 


The differential equation which forms the chief subject of these investigations certainly 
occupies an important place, if not one of exclusive importance, in the theory of that 
large class of differential equations of which the type is expressed in (3). At present, I 
am not aware of the existence of any differential equations of that particular type which 
admit of fimte solution at all, otherwise than by an ultimate reduction to the form in 
question, or by a resolution into linear equations of the first order. It constitutes, in 
fact, a generalization of the form 




a(D-2)*±n* 

D(D~1) 




given in my memoir “On a General Method in Analysis” (Philosophical Tran^tions 
for 1844, Part II). 



DEEBBMOTS THE EOEM OE THE BOOTS OF ALOEBEAIC EQUATIONS. 735 


Formation of the Differential EqmUon . — General finite integral. 

2. Peopositiojt. — If M r^esent the mikjgower of any root of the algebraic egmtim 

f-xf-'—l=0, 

ihm u, comidered as a fane turn ofx, saM^s the linear differential eguatim 
[D>+ ["-^D+f-l]”-' (2-^-l)^«=0, 

in which e®=x, and D=4’ 
m 

And the comjplete integral of the ah&oe differential equation mill be 

yn Jai • -y^ being the n roots of the given algebraic equation. 

Representing <f by 2 , we may ^ve to the proposed algebraic equation the form 

n— 1 

zz=zh-\-a:z ", (1 

in which ^=1. Hence by Lageakge’s theorem 

U^Zn==:b^+bn n . ... (2 

the general term of the expansion being 


\dh) I* " ^*7Txrr’ • • 


which, on elFecting the operations indicated, becomes 

— fv ^ • 

nyy 

We see then that u is expanded in a series of the form 

u^-yu^x-yuT/F-y &c. ad inf.^ 


in which, since ^=1, 




and this expression will represent the first term as well as the succeeding coefficients 
of the Lagrangiaa development, provided that we interpret the form [j?]® by 1, and 

W-by^- 

A 

As 1" admits of n distinct values, the above development may be made to represent 
the m\k power of any one of the n roots of the given algebraic equation. In particulai-. 
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if we give to 1« the particular value 1, we have 



and the expansion then represents the mth power of that particular root which, when 
a^=0, reduces to 1. The law of the series upon which the formation of the differential 
equation depends is, as we shall pqrceive, independent of these determinations. 
Changing r into r—n^ we have 



whence the law of the series is seen to be 

m 

and therefore, by what is shown in my memoir “ On a General Method in Analysis,” the 

differential equation defining u will be 

(I, 

in which e^=d' and D= ~ • 
aS 

3. As u may here represent the mth power of of the roots of the given equation, 
it is evident that the general integral of the above differential equation will be 

»=c,yr+c^? . . +c^?, (7) 

exception arising, however, in the case in which for a particular value of m the a parti- 
cular integrals . . y”* cease to be independent. In such cases the above value of u 

constitutes an integral, but not the general integral of the differential equation. 

For instance, if 1, and if w^e reduce the given algebraic equation to the form 

it is etident that, except when ?^=2, we shall have 
Here then 

may be reduced to the form 

virtually involving but 1 arbitrary constants. 

Such cases of failure may, however, be treated by giving to the integral a form which 
for the particular value of m shall become indeterminate, and then seeking the limiting 
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value. 


In the above example we may write 


«=c^. • +c.,.^_.+c. ^ " » 


the last term of which becomes a vanishing fraction when m=—l. 
form is seen to be 


The true limiting 


log log 5 ^,) (8) 

This is the complete integral of (I.) when m=— 1. ^ 

4. The theory of these failing cases may be riewed also in another aspect. When 

«^'=C,^r+C2yf..+C„y;r (9) 


is an integral, but not the general integral of the differential equation (I), it must be 
the general integral of a differential equation involved in (I), but of a lower order. We 
may in fact conclude that such reduced differential equation will be deducible from the 
higher one by a process of integration. Let us apply this consideration to the foregoing 
example. 

When the equation (I) becomes 

D(D-l). .(D-«+l)«+-’ D-i-l]"''(D-n+l)^-«=0. 

Hence operating on both members with (D— we have 


It must then be possible to determine C so as to cause this differential equation to be 
satisfied by (9). First let us seek to determine C so as to cause the equation to admit 
of any of the particular integrals . . y^. Substituting for u the Lagi*angian expan- 
sion reduced by making ??i= — 1, and giving to h any of the particular values included 
in the form !»», we shall, on equating coefficients, find 

n 

whence it appears that if n be greater than 2, C=0. Thus the reduced differential 
equation becomes 



and this, when n is greater than 2, is satisfied by 

which in effect contains ^—1 arbitrary constants, and so constitutes the complete inte- 
gral of the differential equation. 

If ?^=:2, the differential equation becomes 


( 11 ) 
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7U 


wMch is satisfied by and by but, as is evident from its unhomogeneous 

form, not by la this case, in fact, the condition yr‘+^r‘==0 not 

being fulfilled, the primary differential equation (I) suffers no change in the form of its 
general solution. 

Mr. Haelet’s results are in effect transformations of (10) and (11). Since 
it is seen that u will satisfy the algebraic equation 

1 = 0 . 

Transform this by assuming ' 

l-« l-n » ^ 1 ^}_ 

ir=— ^i(l— %) « a/ " , w=(l— w) 

and we have 

(»i— 1 )a/ =0, 

Tvhich is Mr. Haelet’s algebraic equation in form. Hence, if and D'=^, we 
shall have 

^=— .?i(l— «=(!—») D=y~iy. 

And (10) will become 




( — w)’*(l — w) ‘ = 0 . 


Multiply by and we have 

L(d--„+i-1) 


Now 

and 

Hence 

or 


1— » 


[— 2]*“*(— w)*“‘(l— %)^~V=0. 




l~n 


[_iy+»_2]— =(- 


which is Mr. Haeley’s equation (1), art. 1. When »=2, we obtain from (11), by frie 
same transformations, Mr. Habley’s second equation (2), art, 1. 

Not only for the particular value m=— 1, but apparently for all int^er values of m, 
the general differential equation (I) admits of one integration. It may be said that 
while the differential equation determining the form of the mth power of a root of the 
algebraic equation is in general of the wth order, this equation may, when m is an int^r, 
be reduced to an equation of the 1th order; not, however, like the higher equation, 
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unvarying in its type. I have thus verified some other particular forms obtained by 
Mr. Habley. 

Solution of the Itiffermtial Equation hy Definite Integrals. 

5. On account of the difficulty of the investigation, I propose to employ tjvo distinct 
methods leading to coincident results. 

Mrst Method . — Operating on both sides of the given differential equation (I) with 
we have 

u+— . . ( 1 ) 

Co , Cl , . . C„_i being arbitrary constants. Let us represent 


L n « J \a n / 


whatever the nature of the subject U, by fU, then the differential equation becomes 
or 

(l+^>=Co+C/..+C„_l^«-^• 


the summation extending from ^=0 to 
Now 

But if 



we have 

But from the form of ^(D) it is easily seen that 
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How 

-JVtiL 
~r(a-5 + l)’ 


provided that a+1 and ^+1 are positive. This law we can extend symboHc^ly to 
expressions in which D appears, provided that, in the application of the symbolic forms 
thence arising, D shall admit of an interpretation which shall effectively the sub- 
jects of the symbol T to be positive numerical magnitudes. Under this condition we 


have then 



r (i>-n) 

r(D—pn-hl) 




where 


Now 


<I.(D) 


=<I>(D)T{D>^+‘-*, 

rf— 

n / \n n J 

r(b+i) ^ 


WD)= r(D-f»+i) 

r(t4-i) 


We see then that the conditions 




^ipn+m ^ 


(3) 

must be satisfied. For 2=0 these conditions are inconsistent, and the proposed employ- 
ment of r therefore unlawful. For values of i greater than 0 the conditions will be 
found to amount to this, viz. that m must lie between the limits — ( 22 — 1) and 1. We 
shall suppose m thus conditioned, and shall consider first the case in which 2 > 0. . 

Here then we have, interpreting D by in ■F(D), but lea\ing it unchanged in 

0(D), 






, V “ ”/ 

\n n ) 


r(i+i) 


r(D-M) 




( 4 ) 


it being seen that if we similarly interpreted D in 0(D) the conditions relative to T 
would be satisfied throughout. 
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Hence if we write 


we shall have 


T(i+m 


{i-g+e-f+&c.)c^ 




\ n nj \n nj 


and therefore 




r(DTl) l4-e« 


/2=iD+“)r('5-“') 

V « »/ \» «/ Kie^ 


the summation extending from i=zl to ^=w— 1. 

Consider next the case in which ^=0. We have, when^ is not less than 1, 

But changing in (4) into p — 1, and i into n. 




Hence, if we write 






we have for all positive integral values of^, 


fCo=-A„. 


\ n n / \n n 


and therefore 


(l-?+f’-f’+ ^c.)C„=C,+ 


, L.I.. V" llfA.e’^-A 


(A,e”"- A,e®"+ A,e*"-&c.) ; 


•'• {l+f)”'C»=C|,+ - 


I n / \n n / A^e”^ 

'"■■f(r+i) 1+^* 
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Combining this with (5), we find 


.n , \ " »/ V« 

-^«+ rpr+i) 1“ 

n I V nj \n 


l+e«« f 


/-f Agf^..-fA^e”^ | 


Now, resolving the rational fraction, we have 

=B,log(l-a/)+Bslog(l-a/)-- +B. log(l-ay), 

—Nf 

aj, ^ 2 , . . a„ being the wth roots of —1, and Hence 


t{— 

^=C,4-^ 


-D + 


n) \ n n/ 


r(D) 


{B,log(l-a/)..+BJog(l~ay)}. 


( 6 ) 


In this expression Bi , .. B„, being generated from the arbitrary constants C<,, Cj, .. C^.j, 
may themselves be regarded as arbitrary constants. And this being done, \\ill become 
a dependent constant, the form of which it will be necessary to determine. 

First, however, let us endeavour to interpret by a definite integral the symbolic 
function of D. 

We know that a and h being positive quantities, 


na + b) “J, 




dt 


If we employ the second of these forms, we shall have 


\ n n) \n nf 

r(i5) 




by a known sjmbolical form of Tatloe’s theorem. Hence if 

n-l 
t n 


l+t 


=T, 


^=C.+B,\ dtf^ log(l-«iT«‘)-+Bj dtt’’' loe(l-a.Te’). 

Jo Ja 


( 7 ) 


we have 
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6. In determining the following theorem will be of use, viz. : 
Ifx he a^podtive integer , and Q.]godtm and less than r, then 




This may be proved as follows : — 

Let i be the greatest integer in and let Then 

r(ffl)r(r-a)=[«-l]T(a') X 

But d being a positive proper fraction, 


and 

... . . {l^a) 

={-\y[r-a-ir'. 

Hence 

But 

sin (aV) = sin (utt ~ ?V) = ( — 1 J sin ( a^r), 

r(a)r{r-«)=t=^^^, 

^ ^ ' sin(07r) 

as was to be proved. 

Now in the instance before us we have by (5') 


C„=-A„ 




X»+l)f(n) 


Hence, since r(w+l)=[w]% 


[»r 

" r . nl""* ^ ’ 

«+ 2 1 X — 

I n J n 


wherefore 1 — being a positive quantity, and n a positi\'e integer, we have, by the 
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above theorem, 

jn~24 — 1 «■ 


Accordingly 

But since 

we have 

Therefore, finally, 


8in(f>r) 


C„=; 


l . fWT* 

— sm — 
n n 


N/ , N„e« _A/.. 

=(-!)” (B...+B„)x(-1)" 
= B...+B.. 


® m . mx 
— sm — 
n n 


Substituting in (7), and replacing ^ by we have 

i^'log(l-«.j:T)- +Brdt . (9) 

•—sin — 
n n 

wherein, it must be remembered, that «! , tstg, . . a„ are the several wth roots of —*1, and 

«— 1 

rp_ ^ " . 

And this is the general integral of (I), B, , . B, being the arbitrary constants of 

the solution. 

Second Method, — 7. For the^w^^^ solution of differential equations of the form 

/.(D)«4-/.(DK«=0, 


it is usually convenient to reduce them to the form 
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'which Mis leader the general type 

• u-\-<p(D)^u=zV, ( 1 ) 

U being a function of 6 when the in'verse operation {/o(D )}'^0 has been performed. 

The theory of equations of the above type has been discussed fully in my memoir 
“On a General Method in Analysis.” In particular it is there shown that the above 
equation can be converted into another of the same type, 


by assuming 


where 


v={p.g}-U, ( 2 ) 

P f ___ ^(P)^(P— «)<P(D— . . ad inf. 

”4>(D) n)^(D — 2») . . ad inf. * 


This theory I shall apply here, not to the ordinary finite solution, but to the solution 
by definite integrals of the differential equation (I). In doing this I shall give to U and 
V the particular values 0 . We are justified in doing this by the canons relating to the 
arbitrary constants which are laid down in the memoir ; but it will suffice here to direct 
attention to the fact that while the processes employed are strictly speaking particular, 
they lead to a solution involving the requisite number of arbitrary constants, and at 
the same time of the proper /( 9 m, as manifested by the succession of the indices in its 
development. 

Giving then to (I) the form 





assume as the transformed equation 





Then by (2) 
Now 


*■'+ 




since representing ij” ^by ^(D), the first term in the factorial expression 

of (p(D--^n) will so follow the last term in that of 9 (D) as to leave the law of factorial 
succession unbroken. Again,’ if be any term in the development of i\ we have, 
i being a positive integer, 

(!z!d+;-i)C-^1d+;-2)..v 
=A,cr(!^, ■+!).•, 
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C being a constant, the value of which does not change with i. Hence we may write 


and in like manner 


” / \n nj 


The legitimacy of the introduction of T depends upon the condition 

n—l . , m ^ 

24 — > 0 , >0, 

n * n ’ n n ’ 

so that the value 2=0 is inadmissible, as we have already assumed. Moreover m must 
lie between the limits — (72— 1 ) and 1 . 

Since e^=w^ the equation for v is equivalent to 

whence 

in which ai, are the 72th roots of — 1 . This value of v can be expanded in 

ascending powers of x in the form 

=Vo+Vie^-{-v^+&c. 

Hence representing that part of u which contains positive and integral powers 
of w, we shall have 

“-“«=cer("-^ D+gr(5_g(,_,„). 

Now .+C.(«^- 1 ) 

=SC.(«v_i), 

the summation extending from i=l to i=n. Hence, merging CC in the arbitrary con- 
stants C„ . . C„, we have 

«=a,-t-2C,r("-^D+f)r(5-g(^.-i), (3) 

in which ^=^®. This expression we now propose to interpret by definite integrals. 
Kow 

Substituting and merging in the arbitrary constant Q, we have 

«=«.+2c,r(^'D+f)r(?-9j;;c^rfA 


sc, Cdse-’i^'^*^' fV‘ 

Jo Jo Jo 


dh 
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on interpreting the T functions in the usual manner. We may therefore write 

w— I i_ 

n " 

' Ja 

since by the symbolical form of Taylor’s theorem 

5 Z' Aii 1\® / Szi) i\ 

S " t»<p(w) = (^S ^ t^j <p(x)-=z<p\XB » t^y 

Let us now transform the double integral relative to s and t by assuming 

s=vt^ 

and making v and t the new system of variables. We shall have 

dsdt=tdvdt^ 

while the limits of v and t will be 0 and oo. Hence 

Jo Jo Jo 

Again, transform the double integral relative to t and h, by assuming h=:ty. We shall 
have dh—tdyy and the limits of y will be 0 and xv » . WTience 

w-l 

Integrating 'vsith respect to /, we have 




Now integrating with respect to y, and merging — in the arbitrary constants. 


«=«,+ 2 cj]° dv V** *|log^l-|-?^— a.-X'y " log(l 4 -?;)| j 

=«,+2cf^ de Bi^'logfl— 5^^ ] 


• • ( 4 ) 


It remains to determine «<,. 

Developing the function under the sign of integration in ascending powers of x, and 
effecting the integration for each term separately, we find, for the coefficient of the 
expression 




MIK?CCLXIV. 
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but from the law of the as expre^ed in (6), art. 2, 


Equatii^ these values, 


i — —ti 

[«] 


. rm- 
— sm — 
n n 


by the reductions of art. 6. 

Hence, finally, . 

**=2;;7^+2cj‘ dv 

— sm — \ 

n n ' 

which agrees with the previous result. 


Determination of the Constants. 

8. I propose here to determine the constants of the general integral (II), so as to 
obtain an expression for the with power of that particular (real) root of the equation 

y «— ^-1 — 1 = 0 

which becomes unity when w^O. 

We have 

«=:2C,-J: — -|-2C,f*di; i--‘log(l-a,a^V), (1) 

m . mir 
— sm — 
n n 

n— 1 

where V=:^-^ , and a, represents in succession the difierent wth roots of —1. 

1 + 1? 

The coefficient of in the expansion of this value of in ascending powers of ^ will 
be found to be 

and its coefficient -in the expansion of by Lagea2?ge’s theorem is, for the particular 
root in question, 

’ 

equating which we have 

^r «+(n-I)r _^r-' 

, In J 


2Ci«r=- 
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But by the theorem of art. 6, 


('-=-■•) 



~m+{n- 

n 

=Dr-i' 

nr-l 

sinj 

I'-?') 



Hence 


. /r— jn \ 
msiDf T I 

..C.«r= L.lJ. 


2iCi«i 


(2) 


Gmng, in this equation, to r any particular system of n values, we shall obtain a system 
of n linear equations for the determination of the n constants C^, Cj, .. C„. We shall 
form this system by giving to r the values 1, 2, . . w. 

Now ay representing dcay particular root selected from the series aj, aj, . . a„, multiply 
the above typical equation by «"“*■, and then, gi’iing to r the successive values 1, 2 . . 
form the sum of the equations thus arising. The result may be expressed in the form 

(3) 


the summations with respect to i and r being both from 1 to n inclusive. 
But 

]S,.aJ'a”“’'= aia*“ * Hh afa*" ^ . . -j- a” 

= »;( .. + a”" ^ ) 


Now when ot^ is not equal to a^, this expression vanishes, since "WTien, 

however, «£=«,•. the fraction ^ becomes indeterminate, and its true limiting value is 

•' dj — ai ^ 

seen to be wa®=: —n. Hence (3) becomes 

■■■ (4) 


We have thus solved the linear system of equations. We have still to reduce this solu- 
tion by effecting the summation in the second member. 

BL±lirv'-l 

Now to Uj we may give the form e » , which will represent all the ??th roots of —1 

in succession if we give to j the series of values 1, 2, , , n. Hence substituting for 

5g2 
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the above value, and giving to sin il^s exponential form, we have 


r^QAAlgrv-i 

» — e » n 


Now in general 


g(«+l)*»v'-l gAnrs/— 1 

kmr j. -^kntr 

A r(» + l)>r /_^ g 2 __g 2 « 

=* ” X ^v-r-diiZ T 

— e 2 


sm _ 


Putting therefore 


we have 


and putting 


n 

n 

k=e^. 


i/ » =e “ t ■ 

■ j^ 


(m-r \ ., 1 

=W=1 


siD(.; + l)T 

k±il^ 


ainU + iy ^ 




for all values of j taken from the series 1, 2, . , w except the value 1, for which the 
expression becomes indeterminate in form, and has for its true value 


y cos nv n cos m 

w nr COSTT 
-COS — 
n n 


as n is odd or even. 



DETEBMmE THE EOEM OF THE BOOTS OP ALOEBBAIC EQUATIONS. 761 


for all values of j taken from the series 1, 2, . . w except the value w, for which its true 
value is 


as n is odd or even- 

Hence when^ stands for any of the integers 1, 2, . . w— 2, we have 


When/=w—l, we have 


Xsin a/’’=0. 

sm(^ — ” 


the upper or lower sign being taken according as n is odd or even. To the second 
member we may give the form 

±2:;^«“'''‘(cos(n+l)9--v/-l sin , 

since sin (w+ 1)^=0, coB(n+l)r=:±l, as n is odd or even. 

Thus wheny=«--l, we have 

X • fm—r \ _r ^ --s'-i 

2,sm(^— l*- . 

In the same way wheny=w, we find 

^ . /ot— r \ _r ^ — v-i 

It results therefore that, according as/ is less than k— 1, equal to 1, or equal to 
n, we shall have 

C-j=U, or — - — 7 — or — — — — • 

^ nT2v^ — l’ me 2v^--l 

In the general integral (II), art. 7, we shall therefore have 

-vn m e” —e " \ m ’mtr 




where V=7 
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Now 


therefoie, finally, 




It is seen, jfrom the form of this expression, that it represents a real Tftlue. 

I 

If we substitute v for a change which does not affect the limits, there results 

in which This expression we shall now reduce to an equivalent real form. 


Reduction of the escpression for y“. 

9. We shall somewhat simpliiy the general expression above found for y® by inte- 
grating by parts. The integrated portion will be found to vanish at both limits. 

Representing ~ by V', we have 
J??itr"4og^l—e^"^~'a:V^ dv=:v”'\og 

Now, expanding the logarithm in the integrated portion, and putting for V its value 
— , we see that that portion will consist of a series of terms of the form 

1+v" ^ 

(l+t’T’ 

r being for each such term a positive integer. 

All these terms vanish when ?;=0, since, by the conditions to which m is subject, 
m-\‘{n—iy is positive. 

Again, they vanish when v is made infinite, since in this case 


(1 +'>■)’■ 


=A!r-', 


and, by the conditions relative to m, the index m—r is negative. 

We have, then, on applying the above reduction to the terms of the general value 
ofy”, 

^^=^+27:;^ 


m-Dir , /** 

Jo 1 


xv”*V'dv 


•f- 

Jo 1 


s?v”*V'tk 
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Now substitute for the unaginary exponentiak their trigonometrical talue, md there 
results 

^8 n sin 

l-2^Vco8-4a?*V2 ‘ 


-4 


As w enters this expression only in combination with V, it is suggested to us to repre- 
sent xY by V. If we do this the final theorem will be 
Theoeem. If y”" r^resent the mth^ower of that real root of the equatim 


which reduces to 1 ichen x=0, then, swpposing m to he between the limits 1 < 
the value of y* will he 


r=i+;J 


/ . /m— 1 \ ~ . im\ „ dY 


dv 


1—2V C08-+V* 


' ~n+l, 

• (IV) 


in which 


V= 




10. Hence too we have the value of a remarkable definite integral, viz. 



m— 1 
n 


ff— V sin 


mv\dY 
n J dv 


1 — 2V co8--f- V* 
n 


v^dv 




(V) 


under the above conditions and with the above interpretations. 
It may be desirable to verify this result. 


Since 




we shall have 


dv V a’ 


so that the definite integral is resolvable into 

«« nr/ • . m 7 r\ 

V ( sin ^ ' V sm — f 

\ « W 


*-!)( ■ 

Jo 


Y'dv 


1— 2V cos — hV® 



/ . (m— IW . m7r\ 

{ sm ^ V sin — 

\ i2. 

1 — 2V COS-+Y® 

n 


dv 
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Now it may be shown that 


. /m— 1 \ . »wr 

sini » I — V sm — . - . 

• \ » / n ^ , /m—r— 1 \ 

> / =SrSml TT IV’^, 

1-2VCOS-+V* \ ® / , 

n 

the summation with respect to r extending from rrrO to r=oo . Hence the first 
her of (V) may be developed in the form 




dv 


Now 


f ^+ir 

.’0 .^0 






and 


p/m + l + (r-h2)(n— l) \p/ r— OT + I) \ 

f‘«)"V'+W4.'=X'+‘-l 1-p; Li ! lr*‘ 

Jo nr(r+2) 

p/ m+(r-H)(w— l) \p/ r~m-f I \ 
__m + (r + l)(»— 1) \ n ) \ n ) 


w(r + l) 

»r(r + l) 

Hence the total coefficient of 0’’'+^ in (V) is 


p/w+{r + l)(n-l)\ Y^“»”+l\ 


V n ) \ n ) 

-1— %x 

n nr(r+l) 

. (w-r-l)7r^/m+(r+l)(«~l)\^ 


” ; 

‘ “ K 

«r(r-M) 


and therefore that of if is 





. /m—r \p/m + r(w— l)\p/r—m\ 


m-4-(r+l)(n--l) l 

«(r-fl) J 


v+r 
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Therefore the coefficient of is 

and this is, by art. 2, equal to tu, in the expansion of ^ in ascending powers of x. 
Hence, the lowest value of r in the expansion of the definite integral being uni'ty, we see 
that the value of that integral will be expressed by 1), as was to be shown. 

It wiU be observed that the function under the sign of definite integration does not 
become infinite within the limits. Ordinary methods of approximation might there- 
fore be applied. I apprehend, however, that it is not in this direction that the value 
of such results is to be sought. 
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bei ihrer Yeraammlung zu Luzem den 23. 24. und 25.. S^tember 1862, 
46, Versammlimg. 8vo. Luaem. 

Mantua : — ^Accademia VirgiJiana di Scienze, Belle Lettere ed Arti, anno 1863, 
8vo. Mantua. 

Melbourne: — Univerinty Calendar for the Academic Year 1863-64. 8ro. 

Mdhoume 1863. 

Milan: — 

Memorie del Beale Istituto Lombardo di Scienze, Lettere ed Arti. Yol. LX. 

fesc. 3. 4to. Milam 1863. 

Atti. Yol. in. fasc. 11-14. 4to. Milano 1863. 

Bendieonti. Claase di Scienze Matematiche e NaturaU : YoL I. fasc. 1-3. 
Cla8.se di Lettere e Scienze Morali e Politicbe : Yol. I, fasc. 1 & 2. 8vo. 
Milam 1884. 

Atti della Society Italiana di Scienze Natursdi, Yol. Y. fasc, 1-3. 8vo. 
MiUno 1863. 

Montreal -.—The Canadian Katuralist and Geologist. Yol. VIII. Nos. 1-6. 
8vo Montrml 1863. 

Moscow. — Bulletin do la Societe Imperiale des Naturalistes. Ann^ 1862. 

Nos. 1-4. fevo. Moscou 1862. 

Munich : — 

Abhandiungen der Mathemat.-Physikalisdien Classe der Kdnigl. Bayeris- 
chen Akademic der Wissenschaften : Band IX. Abth. 3. Philos. -Philol. 
Classe: Band IX. Abth. 3 ; Band X Abth. 1. 4to. MUnchen 1863-64. 
Sitzungsberichte : 1863, I., Hefte 3&4; II., Hefte 1-4; 1864, L, Hefte 
1 & 2. 8vo. MUnchm 1863-64. 

Ueber die Deutschen Einheitsbestrebungen im 16. Jahrhundert, von Dr. 
Cornelius. 4to, Murmhen 1862. 

Bede zur Eeier ihres einhundert und vierten Stiftungstages, von J. von 
Liebig. 4to. Miinch^n 1863. 

Denkrede auf Joh. Andreas Wagner, von Dr. C. F, P. von Martins. 4to, 
Mundien 1862. 

Ueber die Stellung und Bedeutung der pathologiseben Anatomie, von L. 
Buhl. 4to. Muachen 1863. 

Naples ; — Societa Beale di Napoli. Bendieonto dell’ Aecademia delle Scienze 
Eisiche e Matematiche; Anno II. fasc. 1-3 & 5-8, 1862-63. Bendi- 
conto deUe tomate e dei lavoii dell’ Aecademia di Scienze Mor^ e Poli- 
tiche anno 1862; Anno II. Gennaio, Eebbraio, Marzo 1863. 4to. AujJoZi 
1862-63. 

Neuchatel; — Bulletin de la Societe des Sciences Natnreli®. Tome YI. 

deuxiemo caMer. 8vo, NemhitM 1863. 

Newcastle- on-Tyne : — 

North of England Institute of Mining Engineers. Transactions 1852-62. 

Yols. I.-IY. & YL-XI. 8vo. Mweastk 1860-62. 

Tyneside Naturalists’ Field 0.ub. Transactions. Yol. YI. Part 1. 8vo. 
Nmemth-upon~T]fne 1863, 

A Synopsis of the Geology of Durham and part of Northumberland. By 
B. Howse and J. W. Kirkby. 8vo. 1863. 


The Society. 

The Academy. 
The University. 

The Institute. 


The Society. 

The Natural History So- 
ciety. 

The Sodety. 


The Academy. 


The Society. 
The Society. 

The Society. 

The Institute. 
The dub. 
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Dosobs, 


ACADEMIES and SOCIETIES {cmainmd). 

Few Haven : — ^The American Journal of Science and Arts. Vol. XXXYII. 

Nos. 109 & 110. 8vo. New Eavm 1864. 

New York : — 

American Geographical and Statistical Society. Proceedings. VoL I. 

Nos. 1-4 ; Yol. II. No. 1. 8vo. New TorJc 1862-64. 

Lyceum of Natural History. Annals. Yol. YII. Nos. 13-16. 8vo. New 
York 1862. 

Paris: — ‘ 

Memoires de I’Academie des Sciences. Tome XXYI. 4to. Pam 1862. 
Gomptes Bendus Hebdomadaires des Seances de I’Academie des Sciences. 

Tomes LII.-LYI. 4to. Paris 1861-63. 

Memoires de I’Academie des Sciences Morales et Politiques, Tome XI, 4to. 
Paris 1862. 

Memoires present's par divers Savants ^ I’Academie des Inscriptions et 
Belles-Lettres. Deuxieme serie. Tome lY. 4to. Paris 1863. 

Annales des Mines. Sixieme serie. Tomes III. & lY. 3*-6'' livraisons 
de 1863 ; Tome Y. I** livr. de 1864. 8vo. Paris 1863-64. 

Le Bureau des Longitude. Connaissance des Mouvemente C^estes pour 
1864 et 1865. 2 vols. 8vo. Paris 1863. 

Annuairo pour 1857, 1858, 1859, 1860, 1861, 

1862, 1863, 1864. 8 vols. 8vo. Paris, 

L’Ecole Impeiiale Polytechnique. Journal. Cahier 40. Tome XXIII. 4to. 
Pam 1863. 

Ohservatoire Impeiiale. Bulletin International. November 19, 1863, to June 
10, 1864. folio, Pans, 

Societe de Biologic. Comptes Eendus des Seances et Memoirt®. Serie 3. 

Tome lY. Anneel862. 8vo. Pam 1863. 

Socie'te d’ Encouragement pour I’lndu-strie Nationale. Bulletin. Tome X. 
April to December. 4to. Paris 1863. 

Societe de G(k>graphie. Bulletin. Serie 5. Tomes Y. & YI. 8vo. Pans 

1863. 

Societe Geologique de France, Bulletin. Tome XX. feuilles 13-48, 3 parts ; 
Tome XXI. feuiUes 1-5. 8vo. Paris 1863-64, 

Pest : — 

Magyar Tudomanyos Akademia, Evkdnyv. Kbtet X. Darabja 6-14. 4to. 
Pest 1882-63. 

.Magyar Tortenelmi Tar. Kotet IX.- 

XI. 8vo. Pesten 1861-63. 

Ertesito. A Nyelv es szeptudomanyi 

Osztaly Xozlonye, Xbtet II. (3 parts). 8vo. Pest 1861-63. 

— A Philosophiai, Torveny-es 

Tortenettudomanyi Osztalyok Kbzldnye. Kdtet 11. & III. 1, 2. Svo,Pest 
1861-62. 

A Mathematikai es Termes- 

zettudomanji Osztalyok Eozlonye. Kbtet II. & III. 1, 2, 8vo. Pest 1862. 
Nyelvtndomdnyi Kbzlemenyek, Kbtet I. 


The Editors. 

The Society. 
The Lyceum. 

The Institute. 


L’Ecole des Min^. 

Le Bureau des Longitudes. 


L’Ecole Polytechnique. 

The Observatory. 

The Society, 

The Society. 

The Society. 

The Society. 

The Hungarian Academy of 
Sciences. 


& n. 1. 8vo. Pesten 1862-63. 
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PfiESEXTS. DokoES. 

ACADEMIES and SOCIETIES (conthmed). 

Pest : — 

Ma^ar Tudomanyos Akademia. Arehseologiai Edzlemenydv. Kdtet II. The Hungarian Academy of 
8vo. Pesten 1S61 , and Keratlasz 4to. Sciences. 

Statistikai Kdzlemenyek. Kdtet II. 2, v 

& m. 8vo. r6sten 1862. 

MathematikaisTcsmezettudomanyi Kdz- 

lomenyek. Kdtet II. 8vo. Pesten 1863. 

- Monumenta Hungariae Hostorica. Irok, 

Kdtet XT. ; Okmanytarak, Kutet VIII. & IX. 8vo. Pest 1862-63. 

:. Tdrdk-Magyar-Kori Tortenelmi Ernie- 

kek. Kdtet I. & II. 8vo. Pest 1803. 

Eudapcsti Szemle. Fiizct 41-57. 8to. 

Pest 1861-03. 

Hnnfal\y, Chrestomathia Fennica. 8vo. Pest 1861. 

Fabian, Finn Xyelvtan. Svo. Pest 1859. 

Vass, Hazai es Kulfoldi Iskolazus. Svo. Pest 1862. 

Armin, Abuska. Svo. Pest 1862. 

Philadelphia : — 

Academy of Xatural Sciences. Journal. New series. Vol. T. Parts 3 A 4. The Academy. 

4to. Philadelphia 1S63. 

Proceedings. Xos. 1-7. Svo. Philadelphia 

1863. 

American Philosoplxical Society. Proceedings. Vol. IX. Xo. 60. Svo. Phi- The Society. 
ladelphia 1863. 

Franklin Institute. Jounial. Vol. LXXV. Xo. 450 ; Vol. LXXVI. The Institute. 

Xos. 451-456 ; Vol. LXXVII. Xos. 457-460. Svo. Philadelphia 
1803-64. 

Prague : — Sitzimgsbcrichtc dcr Kdnigl. Bolimischcn GeseUschaft dcr Wissen- The Society, 
schaften. Jahi^ng 1863, 2 parts. Svo. Prag 1863-04. Personahtand 
im Januar 1S63. 4to. 

Rome : — 

Atti delT Aceademia Pontifioia de’ Xuovi Lincei. Anno YII. Sess. 3-5 ; The Academy. 

Anno XIV. Sess. 3-7 ; Anno XV. Sess. 1-8; Anno XVI. Sess. 1-5. 4to. 

Roma 1864-63. 

Buliettino Meteoroiogico dell’ Osservatorio del CoHegio Romano. Vol. II. The College, 

Xos. 18. 20, 22-24, Vol. III. Xos. 1-4. 4to. Roma 1863-64. 

St. Louis Academy of Science. Transactions. Vol. II, Xo. 1. Svo. Bt. Louis The Academy. 

1863. 

St. Petersburg: — 

Memoires de TAcademie Imperiale des Sciences. Tome IV. Xos. 10 & 11 ; The Academy. 

Tome V. Xo. 4 ; Tome VI. Xo. 7. 4to. St. Petersbourg 1862-63. 

BnRetin. Tome IV. Xos. 7-9; Tome V. 

Xos. 1 & 2. 4to. St. Petersbourg 1862. 

Pomtiones medim Stellarmm fixamm in Zonis Regiomontanis a Besselio 

inter +15° ot+ 45° declinations obsexvatamm, auctore M. Weisse. 4to. 

Petropoli 1863. 

MDCCCLSIV. h 
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Presents. 

iCADEMIES and SOCIETIES {oontinued). 

San Francisco : — California Aeademj of Natural Sciences. Proceedings. 

ToL n. 1858-62. 8vo. San Francisco 1863. 

Stockholm : — 

Kongliga Svensi^ Yetenskaps-Akademiens Handliagar, Ny Pdljd. Bandet 
lY. Haftet 1, 1861, 4to. Stoclcholm\^%2, 

Ofv^ersigt af Kongl. Yetenskaps-Akademiens Forhandlingar. Nittonde 
Aig&ngen, 1S62. 8vo. Stockholm 1863. 

MeteoiDlogiska Jakttagelser i Sverige, .bearbetade af Er. Edlnnd. Bandet 
III. 1861. 4to. Stockholm 1863. 

Anteckningar till Spetabeigens Fogel Fauna af A. J. Malmgien. 8vo. 
Stockholm 1863. 

Jakttagelser och anteckningar till Finmarkens ocb Spotsbergons Dagg- 
djiirsfauna. 8vo. Stockholm 1863. 

Crustacea decapoda podopbthalma marina Sueci®, intorpositis speriebus 
Norvegicis aliisqne vicinis, ennmerat A. Goes. 8vo. Stockholm 1863. 
Toronto : — Canadian Institute. The Canadian Journal of Industry, Science, and 
.Art, Nos. 45-51. 8vo. Toronto 1863-64. 

Toulouse: — ^Memoires de TAcademie Imperiale des Sciences, Inscriptions et 
Belles-Lettres. 6* serie. Tome I. 8vo. Toulouse 1863. 

Turin: — Memorie deUa Keale Aecadomia delle Scienze. Serie seconda. 
Tomo XX. 4to. Torino 1863. 

Utrecht: — Koninklijk Nederlandseh Meteorologiseh Institnut. Meteorolo- 
gischeWaamemingen in Nederland enzijneBezittingen. 4to. Utrecht 
Yenice : — 

Memorie dell’ I. R. Istituto Yeneto di Scienze, Lettere ed Arti. Yol. n. 
parte 1. Venezia 1862. 

Atti. Tomo YIII. disp. 4-9. 8vo. Venezia 1862-63. 

Yienna : — 

Benkschriften der Kaiserlichen Akademie der Wissensehaften. Matibema- 
tisch-Naturwissenschaftliche Classe. Band XXI. 4to. Wien 1863. 
Sitzungsberichte. Math.-Naturw. Classe, erste Abtheilung : Band XLYI. 
Hefte 1-5, & 3-5, zweiteAbth.; BandXLYlI. Heftel-3, & 1-4, zweite 
Abth. Phil. -Hist. Classe: Band XL.|Hefte 3-5; Band XU. Hefte 

1 & 2. Register zu den Banden 31. bis 40. 8vo. Wien 1862-63. 
Sitzungsberichte. Jahrg, 1864. Nr. 1-10, 12, 13. 8vo. Wien. 

Phvsicahsche Yerhaltnisse nnd YertheHung der Organismen im Quame- 
rischen Golfe, von J^ R. Lorenz. 8vo. Wien 1863. 

Genesis und Exodus nacb der Milstiiter Handsehrift, herausgegeben von J . 
Biemer. 2 vols. 8vo. Wien 1862. 

Geographisehen Gesellschaft. Mittheilnngen, Jahrgang YI. 8to. Wim 
1862. 

Geologiseben Reicbsanstalt. Jahrbneh, 1863, Band XIH. Nr. 2 &*3. 8vo. 
Wien 1863. 

Zoologiseh-Botanischen GaseHsehaft. Yerh^odhingen. Jahi^ng 1863. 
Band XHI. 8vo. Wien 1863. 

Monograpbie der Oestriden, von Friedrich Braner. 8vo. Wien 1863. 


Boxons. 
The Academy. 

The A<mdemy. 


The Institate. 
The Academy. 
Tie Academy. 
The Institute. 

The Institute. 


The Academy. 


Tie Society. 
The Ustitate. 
Tie &ieiety. 
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DoFOiss. 


Pebsebtts. 

A.CADEMIEB and SOCIETIES (continued). 

Wastoigton: — 

Smitlisomaii Institution. Annuiil Report of tlie Board of Begents for 1861. Tie Smithsonian Institu- 
8vo. Washington 1862. tion. 

Jdiscellaneous Collections. 4yols. 8vo. Washing- — i 

ton 1862, 

Bibliography of Xorth American Conehology pre- 

yious to the year 1860, by W. G. Binncy. Pai-t 1. Svo. Washington 1863. 

Classification of the Coleoptera of North 

America, by J. L. Leconte. Svo. 1861. Monographs of the Diptera 
of North America, by H. Loew. Part J. Svo. 1862. Bictionaiy of the 
Chinook Jargon, by G. Gibbs, Svo. 1863. List of Foreign Correspondents. 

Svo. 1862. 

Comparative Vocabulary. 4to. Washington 1863. 

Wurzburg: — Physikaliseh-MediciniseheGescJlschaft. WurzburgerMedicini-sche The Society. 

Zeitschrift. Band III. Heftl ; Band lY. Hcfte 3-6 ; Bgnd Y. Heft 1. 

Naturwissenschaftiiche Zeitschrift. Band II. Heft 3 ; Band lY. Heft 1. 

Svo, Wurzburg 1861-64. 

York: — Yorkshire Philosophic^ Society. Annual Reports for 1829, 1835, The Society. 

1838-1852. 1863. Svo, Yorh. 

ADLEE (M. N.) Some Considerations on the Government Life Annuities and The Author, 
life Assurances Bill. Svo. LomUn 1864, 

AIEY (G. B., F.E.S.) Astronomical and Maguetical and Meteorological Obser- The Lords Commissioners 
vations made at the Royal Observatory, Greenwich, in 1861. 4to. London of the Admiralty. 

1863. 

ALEMBERT (W) Traite dc Hynamique. Nouvellc edition. 4to. Paris 1758. H. Dircks, Esq. 

ANDREY' (J. A.) Address to the two branches of the Legislature of Massa- Professor Agassiz, For. Mem. 

chusetts, Jau. 9, 1863, Svo. Poston 1863. R.S. 

ANONYMOUS:— 

Abstracts of Magnetical Oteen’ations made at the Maguetical Observatorj', The University of Toronto. 
Toronto, 1853-1862. 4to. Toronto 1863. 

Almanaque Nautico para 1864, 1865, calcukdo en el Observatorio de Marina The Observatory, 
de San Fernando. Svu. Cadiz 1862. 

Annual Report of the Trustee of the Museum of Comparative Zoology, 1802. Professor Agassiz, For. Mem, 

Svo, Boston 1863. E.S. 

Anuario del Real Observatorio de Madrid ; quinto aiio, 1864. Svo. JSdadnd The Observatory. 

1863. 

Artifieiai Clock-Maker, a Treatise of Watch and Clock-Work, the second H. Dircks, Esq. 
edition, by W, D[erham]. Svo. London 1706. 

Astronomical and Meteorological Observations made at the United States Naval The Observatory, 
Observatory during the year 1862. 4to. Washington 1863. 

CaMc^e of the American Philosophical Society lihraiy'. Part 1. Svo. Phila- The Society. 
ddphia 1863. 

Certamen Re%iosum, or a Conference between the late King of England and H. Dircks, Esq. 
the late Lord Marquess© of W’^orcester concerning Religion, 4to. London 
1651. 

for Ladies and Gentiewomen, or the Art of Pieserving, Conserving and — 

Candying. 18mo. London 1654. 


^ 2 
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Presents. 

A.K0F5rM0PS (eowHnued). 

Copies Photographies des Miniatures des Maaiiiscrits Grecs conserves & la 
Biblioth^ue Synesde, autrefois Patiiarcale de Moscou. foho. Moscm 1862. 

Delights for Ladies, to adorn their persons, tables, closets, and DistiUatories. 
ISino. I^ndon 1654. 

EfPemeridi Astronomiche di Milano, 1853-1860, 1862-1864. 11 vols. 8vo. 
1852-1863. 

Fifteenth Annual Report of the Committee of the Eoyal Museum, library* and 
Park, Borough of Salford. 8to. Salford 1863. 

Fifth Report of the Medical Officer of the Privy Council, with Appendix. 8vo. 
London 1863. 

Flora Batava, Afbeeldiag en beschrijviag van Nederlandsche Gewassen, door 
J. Kops en F. A. Hartsen, 186. Adevering. 4to, Amsterdam. 

Insanity and Crime : a Medico-Legal Commentary on the case of George Victor 
Townley, by the Editors of the “ Journal of Mental Science.” 8vo. London 
1864. 

International Exhibition, 1862. Jurors’ Reports. Chronometers, Watches 
and docks. 8vo. London. 

Jahresberieht am 14. Juni 1863 dem Comite der Nicolai-Hauptstemwarte. 
8vo. St, Petersburg 1863. 

Judicial Statistics, 1862 : England and Wales. 4to. 1863. 

Mahabhashya, Dr. Ballantyne’s unfinished edition, oblong. 

Margarita Philosophica. 4to. Heydelhergce 1496. 

Maupertuisiana (a Collection of Tracts relating to Maupertuis). 8vo. Hum- 
hourg 1753. 

Nautical Almanac and Astronomical Ephemeris for 1867. Supplement: 
Ephemerides of the Minor Planets for 1864. 8vo. London 1863. 

Notitia utraque cum Orientis turn Occidentis ultra Areadii Honoriique Cmsanim 
tempora : iHustre Yetustatis Monumentum, imo thesaurus proreum incompa- 
rabilis. fol. Basilece 1552. 

Observations Meteorologiques faites a Kijne-Taguilsk. Annees 1861 et 1862. 
8vo Paris 1863. 

Relazione della Direzione Tecnica alia Direzione Generale deUe Strade Ferrate 
deUo Stato. 4to. Torim 1863. 

Report of Progress of the Geological Survey of Canada from its commencement 
to 1863. 8vo. Montreal 1863. 

Report of the Streets Committee, Metropohtan Board of Works. 8vo. London 
1864. 

Report npon Metropolitan Railway and other schemes of Session 1864, by J. W. 
Bazalgette. 8vo. London 1864. 

Report on the Madras MOitaiy Fund, containing New Tables of Mortality, 
Marriage, &c., deduced from the fifty years’ experience 1808 to 1858, by 
S. Brown, P. Hardy, and Colonel J. T. Smith. 8vo. London 1863. 

Reports of the Superintendent of the Coast Survey, showing the progr^ of 
the Survey during the years 1859 and 1860. 4to. Washington 1860. 

Results of Meteorological Observations made, imder the direction of the TJaited 
States Patent Office and the Smithsonian Irustitution, from 1854 to 1859 
inclurive. Yol. I. 4to. Washington 1861. 


Donors. 

The PuhHc Museum, Mos- 
cow. 

H. Direks, Esq. 

The Observatory, Milan. 

The Committee. 

John Simon, F.R.S. 

The Netherlands Minister of 
the Interior. 

The Authors. 


C. Frodsham, Esq. 

The Observatory. 

The Secretary of State for 
the Home Department. 
Asiatic Society of Bengal. 
H. Direks, Esq. 


The Lords Commissioners of 
the Admiralty. 

H. Direks, Esq. 

The Prince Demidoff. 

Itidian Secretary of State for 
Public Works. 

Lord Monck. 

The Board of Works. 


Colonel J. T. Smith, F.R.S. 

The Coast Survey Office, 
Washington. 

The Smithscmiim Institu- 
tion. 
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Peesents. 

ANONYMOUS {mitinmd). 

Some Papers proper to bo read before the R 1 Society, concerning the 

Terrestrial Ghrysipus, Golden-foot, or Guinea, collected by Petrus Gualtems. 
[By H. Yielding.] 8vo. Lomlon 1743. 

Statistical and ModicalBeports of the Army Medical Department for ISGl. 
8vo. London 1863. 

Statistiqnc do la P’ranee. Mourement de la Population pendant 1858, 1859 
et 1860. 4to. Strasbourg 1863. 

Tables of Heights in Sind, the Pnnjanb, N.IY. Provinces, and Central India, 
determined by the Great Trigonometrical Survey of India. 8vo. Calcutta 
1863. 

Trabalhos do Obscrvatorio Meteorologieo do Infante D. Luiz na Escola Poly- 
technica (8. Anno, 1862). folio. Lisboa 1863. 

Tollstundiges Mathematisches Lexicon [Wolff’s]. 2 vols. 8vo. Leipsie 1734. 
ABGELANDEll (F. W. A., For. Mem. E.S.) Astronomisehc Beobachtungen auf 
der Stemwarte zu Bonn. Band Y. 4to. Bmin 1862. 

Atlas des Ndrdlichen gestimten 

Himraels fiir den Anfang des Jahres 1855. Lief. 5. folio. Bonn 1859. 
ASHE (Lieut, E. D.) The Motions of the Top, Teetotum, and Gyroscope 
explained. 8vo. Quebec 1864, 

AYEZAC (D‘) Coup d'CEil Historique sur la Projection des Cartes de Geo- 
graphic. 8vo. Paris 1863. 

BABBAGE (C., F.H.S.) A chapter on Street Nuisances. 8vo. London 1864. 
BABINGTON (John) Pyrotcchnia, or a Discourse of ArtifieiaE Fire- Works, 
folio. Lomlon 1635, 

A short Treatise of Geometrie. folio. London 1635. 

BACHE (A. D., For. Mem. K.S.) Discussion of the Magnetic and Meteorological 
Observ’ations made at the Girard College Observatory, Philadelphia, in 1840, 
1841, 1842, 1843, 1844 and 1845. Parts 2-6. 4to. Washington 1862. 

Report of the Superintendent of the United 

States Coast Survey. Appendices Nos. 16-25. 4to. 1861. 

— Plaster Model to illustrate the diurnal variation 

of the Magnetic Declination, in a wooden box 1862. 

BAIRD (W.) A CyclopaDdia of the Nautical Sciences. 8vo. Lomlon IS58. 
BANTING (W.) Letter on Coiqjulence, addressed to the Public. 8vo. London 
1863. 

BATE (C. S., F.R.S.) Catalogue of the Specimens of Amphipodous Crustacea in 
the Collection of the British Museum. 8vo. London 1862. 

BAYUE (Tho.) Certameu llcligiosum : or a Conference between Charles I. 

and the late Marquess of Worcester. 8vo. Lomhn 1649. 

BEKE (C. T.) A Lecture on the Sources of the Nile. 8vo. Loitdon 1864. 

— — — Who discovered the Sources of the Nile*? A Letter to Sir 

Roderick I. Murchison. 8vo. London 1863. 

BELAYENETZ (Capt.) Deviations of the Compass and the Compass Observatory 
(in Russian). 8vo. St. Pitershmrg 1863. 

BERON (P.) La Decouverte de POrigme de la Pesanteur. 8vo, Paiis 1863. 
BEBTHELOT (— ) et pEaN DE SAINT GILLES. Redierches sur les 
Affinites. Partie 3^ et 4*^, 8vo. Pans 1863. 


Doxoas. 

Professor De Morgan. 

Dr.T. G. Balfour, F.R.S. 
Unknown. 

The Secretary of State for 
India. 

The Observatorj'. 

H. Dircks, Esq. 

The Observatory. 

The Author. 

The Author. 

The Author. 

The Author. 

H. Dircks, Esq. 

Dr. Bache. 


The Author. 
Tlie Author. 

The Author. 

H. Dircks, Esq. 

The Author. 


The Author. 

The Author. 
The Authors. 
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PSESEim. 

BETTINUS (MariiK) Apiaria TJniyerste Philosophise Mathematics, fol. Bmonim 
1642. 

BEZOET ( — ) Cours de Mathematiques a I'usage des gardes du Payillon, de 
la Marine, et des fiieves de I’Ecole Polytechniqne. 4* partie. 2 vols. 8vo. 
Pans 1800. 

BIRCH (S.) Description of the Papyrus of J^as-Rhem, Priest of Amen-ra, dis- 
covered in an excavation made by direction of His Royal Highness the Prince 
of Wales in a tomb near Gournah at Thebes. 8vo. Londm 18G3. 

BOCKLERHS (G. A.) Theatnim Machinarum Hovnm ... ex Germania in 
Latium reeens translatum opera H. Schmitz, folio. Colonkt- Agripphm 1672. 

BOHM (J. G.) und ALEE (M.) Magnetische iind meteorologische Beobachtungen 
zu Prag. Jahrgange 23 & 24. 4to. Prag 1863-64. 

BOl^D (G. B.) On the nevr form of the Achromatic Object-glass introduced by 
Steinheil. List of New Nebulae and Star Clusters seen at the Observatory 
of Harvard College 1847-63. (Excerpt from Proe. Amer. Acad.) 8vo. 
Cambridge, N.E. 1863. 

BOUTON (L.) Rapport presente a la Chambre d’ Agriculture sur les diverges 
esp^^ces de Cannes h sucre eultivees a Maurice. 8vo. Maurice 1863. 

BRAYLEY (E. W., E.R.S.) An Account of some of the recent Ol^ervations and 
Researches of Astronomers and Physicists on the Physical Constitution of the 
Sun. 8vo. London 1863. 

BREEN (H.) Corrections to Lunar Observations. (Excerpt from Edinb. 
Astron. Obs. vol. 12.) 4to. Edinburgh 1862. 

BROWN (Robert) Prodromus Fiorai Novae HoUandise et Insulse Van Diemen. 
8vo. Londini 1810. 
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